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PREFACE TO THE THIRD EDITION 


Since the second edition, Pitts* Physiology of the Kidney and Body 
riiitds has appeared, together wth several k^e textbooks dealing 
mainly wth renal disease Among those written m English there have 
been Black's Renal Disease, Strauss and Welt’s Diseases of the 
Kidney and Heptuistall s account of the Pathology of the Kidney In 
French there have been Hambu^er, Richet, Crosnicr, Antoine, Ducrot, 
Funck Brentano, Miry and de Montera's exhaustive two volume uork 
Niphrologie, and Royer, Mathieu and Habib’s excellent book on renal 
diseases m children These have made my task easier m that the> hav e 
permitted me to concentrate on the unportant and mteresting aspects 
of renal function and disease In this edition, therefore, three chapters 
have been removed Several others have either been completely 
rewritten or drastically revised including Renal Function, Selective 
Disturbances of Tubular Function, Unilateral Renal Disease and 
Hj’pertension, the Treatment of Terminal Renal Failnre, Renal 
Infections and the relation between unc acid and the kidney 

I am again grateful to Miss J Foxworthy, Miss P Leicester and 
Mr B Armitage for their continued help 

H E de W 

London 


PREFACE TO THE FIRST EDITION 

The purpose of this book is to present an outline of renal structure 
and function of the normal and diseased kidney It is intended for 
students, but I hope it may ako be useful to others who wash toknow 
more about the subject 

At the beginning there is a short dcscnption of normal structure 
and function, and the methods used to obtain information about each 
are oiscusscd. There then follows a dcscnption of the four mam sjti- 
dromes which occur m renal disease, ic the nephrotic sjmdrome, acute 
renal laOure, chronic renal lailure, and fhe acute neplintic syndrome, 
there IS also a section on the relationship between disturbances of 
renal function and electrolyte disorders The second half of the book 
consists pnncipally of an account of renal diseases, including the renal 
manifestations of some generalised diseases These arc discussed in 
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PREFACE 


terms of the patterns of functional disturbance which have been de¬ 
scribed in the previous sections. Unless, therefore, the reader is 
already f amili ar with the subject it is best that he should start at the 
beginning or at least read the sections on the four syndromes and 
electrolyte disturbances before those on specific renal disorders. 

For the sake of clarity, I have to confess that I have over-simplified 
many controversial subjects and in some instances given only one 
explanation where several exist. I have not attempted a compre¬ 
hensive classification of renal disease, for in the present state of know¬ 
ledge I doubt whether it is possible to arrive at a classification whose 
subdivisions are at' the same time mutually exclusive and collec¬ 
tively exhaustive. Renal tuberculosis, hydronephrosis, calculi, renal 
tumours and certain other predominantly surgical conditions have been 
excluded. 

I am indebted to the many workers and writers who have preceded 
me and I should like particularly to mention the following sources of 
information ; Homer Smith’s textbooks of renal physiology; A, C. 
Allen’s histological textbook, “ The Kidney ”, A. M. Fishberg’s 
“ Hypertension md Nephritis ” ; T, Addis’ “ Glomenfiar Nephritis ” ; 
R. W. Lippman's “ Urine and the Urinary Sediment ” and G. W. 
Pickering’s “High Blood Pressure”. As a ^ide to more detailed 
reading there is a list of references at the end of each section. 

I am grateful to Drs. B. E. Miles, R. R. McS\viney, D. M. Nut- 
boume, F. del Greco, R. D. Grainger, A. Herxheimer, Mr. K. E. D. 
Shuttleworth, Mr. R. D. de Vere, and Miss I. Maureen Young for their 
generous help with the manuscript and for giving me the benefit of 
their advice. I am also indebted to Drs. A C. Domhorst and M, S. R. 
Hutt, and Mr. M. Williams for their most helpful comments and for 
scrutinising the proofs. I wish to thank Miss J. Dewe and Miss P. 
Leicester for the patience and care with which they drew Figs. 1, 2, 4, 
5, 6, 71 to 74, and Figs. 51, 53 to 60, and 68, respectively ; and Mr. 
A. L. Wooding and Mr. B. Kentish for the photographs of the figures. 
I am also glad to acknowledge the help of Mr. F. A. Tubbs, Miss M. E. 
Warner, Miss M. Matthews and Miss M. Studart in checking the 
references, and that of Miss J. Buchanan for her investigations on my 
behalf. 

I am indebted to Drs. W. J. Griffiths, R. R. McSwiney, J. R. Colley 
and W. W. Holland for Figs. 9 and 38. 


London. 


H. E. de W. 
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THE STRUCTURE OF THE KIDNEY 


A KIDNEY Contains about 1,000 000 nephrons Each nephron is a 
tbm tube apprcL\iniatel> 20-50 mde and 60 mm long with one end 
closed and the other opening into a collecting duct The total length 
of tlie tubules in the tuo kidneys is about 70 miles, or more than 
the distance between London and Brighton The blind upper end of 
each nephron lies in the cortex, invaginated and expanded by a cluster 
of capiUanes (the glomerulus) next to the glomerulus the tube is 



coiled into a compact mass (the proximal tubule), it then plunges 
straight towards the lulum of the kidney, sometimes reaching into the 
medulla for a %3nab]c distance, it (urns back in a tight hairpin bend 
(the loop of Hcnle) and once again lies m a coil (the distal tubule) next 
to its owTi glomerulus Tmallj it straightens out and together with 
several other distal tubules joins a collecting duct, either m or near 
the mcdulh Several collecting ducts join together and empty their 
contents into larger tubes called the papillarj ducts which open 
directly on the surface of the papiUr (Fig 1 I) 
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THE STRUCTURE OF THE KIDNEY 


Most of the proximal and distal tubules lie in the cortex, while the 
loops of Henle and the collecting ducts form the bulk of the medulla. 

Glomerular Structure 

The glomerulus is composed of 4-6 capillary loops which spring 
from the afferent arteriole and end in the efferent arteriole; they lie 
within a space whose peripheral wall is known as the glomerular capsule 
(or Bowman’s capsule). This cluster of capillaries shares a central stalk 
of mesangial cells (Fig. 1.2), the cytoplasm of which forms one con¬ 
tinuous cytoplasm while the outer part of the stalk is hollowed out to 


Epithelial Cell Cytoplasm and Nucleus 



Fig. 1 . 2 . Glomerulus. High magnification schema of a portion of the glomerulus 
to show that the lumens of the glomerular capillaries are situated at the 
periphery of a syncytium of mesangial cells. The inner surface of the 
capillary is formed from a prolongation of endothelial cell cytoplasm 
while the peripheral outer surface is covered by epithelial cell cytoplasm; 
basement membrane lies between, 

form the lumens of the capillary loop. The total surface area of the 
glomerular capillaries of two human adult kidneys is about 1-5 square 
metres. The waU of each capillary loop consists of a sandwich of 
epithelial cell cytoplasm, basement membrane and endothelial ceU 
cytoplasm. The endothelial cells lie with their ” backs ” to the mesan¬ 
gial cells from which they can only be distinguished by electron 
microscopy. The mesangial cell is of mesenchymal origin. In normal 
circumstances it gives rise to the endothehal cells. In pathological 
circumstances, however, it may lay down connective tissue, e.g. 
collections of basement membrane, coUagen fibres or large masses of 
fibrocytic cells. 




Tig i 3 Glomerulus Schcnw of tbo electron mjcroscopy spi'e^rinces of a 
cn]ss-«ectioa of a ungic glomerular capillary 


the capillary loop has xxiund punched out areas appraximatclj COO A 
wde where the thickness of the cytoplasm is also about 70 A Tlic 
basement membrane has a thtcLnessof 800 A Glomerular filtrate has 
therefore to pass not only through tlie basement membrane but also 
through thm layers of both cpithchal and endothch-il cj toplasm Tlic 
basement membrane has a homogeneous marzipan Iil.c structure Tlie 
cj toplasm of the mesangial ccU synatium consists of fine fibnls 
emb^ded m a more homogeneous ground substance similar to but not 
identical wath that of basement membrane 











4 


THE STRUCTURE OF THE KIDNEY 


Structure of the Tubule 

The outer surface of the whole nephron is covered by a continuous 
layer of basement membrane. The proximal tubule is composed of 
irregularly cuboidal cells with coarse granular cytoplasm and ragged 
inner margins (the brush border). The cells of the descending thin limb 
of the loops of Henle are extremely thin and flat and have clear cyto¬ 
plasm, whereas about two-thirds of the ascending limb is composed of 
cuboidal cells and is known as the thick part of the ascending limb. 
The length of the loops varies greatly; those that -'originate from 
glomeruli near the cortico-meduUary junction are the longest and 
penetrate deeply into the medulla. The cells of the distal tubules are 
cuboidal but they are smaller than those in the proximal tubules; they 
have clear cytoplasm and sharp margins, 

■With the electron microscope the brush border of the proximal 



Tortuous invaginations Basement 

of Cell Membrane Membrane 


Fig. 1 . 4 . Tubule. Schema of the electron microscopy appearances 
of a proximal tubule cell; the nucleus has been omitted. 


VESSELS 
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tubule cells is seen to consist of multiple projections of cell cytoplasm 
about 1/i long co% ercd by surface membrane Betu een these projections 
mv'aginations of the surface membrane penetrate into the cell cytoplasm 
and extend to^vards the mitodiondna These projections and invagma 
tions increase enormously the area of contact betueen the tubular 
fluid and the contents of the cells The membrane of the surface 
hich lies next to the pcntubular \ cnous capillanes is also im aginated 
into a number of pockets which he between the basal mitochondna 
(Fig 1 4) The cells of the distal tubules can readily be distinguished 
from those found m the proximal or collecting tubule but it has been 
sliowm that cells Mth the appearances of those found m the distal 
tubule extend down into the collecting tubules Tins is m keeping with 
the fact that those functions which are charactenstic of the distal 
tubule also take place in the collecting tubule (p 41) 


Cortico medullary Junction 

At the junction of the cortex with the medulla there is a thick 
wide meshed fibrous net to which the renal pelvis is attached and 
through which the medulla and pyramids project Tlic vessels and 
lymphatic channels he outside the lumen of the pelvis and have to 
travel up to the cortico-meduUary junction before they can enter into 
the renal parenchjTna 

Renal Vasculature 

About 20 per cent of kidney’s have multiple renal artenes i e they 
hav c an artery arising from the aorta or the ihac artery in addition to 
the mam renal artery Tlic renal artery divides mto five segmental 
artenes (Tig 1 6) It is important to note that apart from the two 
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poles, separate arteries supply the anterior and posterior surface of the 
kidney. In an ordinary antero-posterior view therefore angiography 
wiU reveal abnormalities of the arterial supply of the two poles, but 
isolated lesions of the arterial supply to the rest of the kidney may be 
obscured by overlying kidney substance to which the arterial supply is 
normal. At the cortico-meduUary junction, the branches of the renal 
artery divide and lie in the long axis of the kidney. These branches are 
known as the arcuate arteries and contrary to original descriptions, 
they are only linked together by capillary connections (Fig. 1.6). The 
interlobular arteries branch off at right angles to these arcades, and 



Fig. 1.6. Main branches of the renal arterial tree illustrating that 
the arcuate arteries are only connected by a capillary anastamosis. 


penetrate straight into the cortex, where they give rise to short afferent 
glomerular arterioles, so that even the most distal glomerulus receives 
its afferent arteriole direct from a relatively large artery. The smooth 
muscle of the afferent arteriole ceases as the arteriole joins the area of 
the juxtaglomerular apparatus. Beyond the glomerulus the blood 
flows into the efferent arteriole and then into a capacious inter¬ 
communicating plexus of capillaries situated between the tubules (the 
peritubular venous capillaries) which empties into the interlobular 
veins (Fig. 1.7). The endothelial cytoplasm of the peritubular venous 
capillaries has the same electronmicroscopic appearance as that of the 
endothelial cells in the glomerular capillaries. It contains multiple 
round areas approximately 600 A wide in which the thickness of the 
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cytoplasm js reduced to 70 A, an arrangement whicli must facilitate 
the transport of substances to and from the blood 

The blood supply to the medulla passes through those glomeruli 
which are nearest to the medulla, these are sometimes knoivn as juxta* 
medullary glomeruli Their blood supply is quite different from other 
glomeruli Instead of the blood Doinng through an afferent artenole 
which enters the glomerulus breaks up into capillanes and then 


lnt»rlobulir 



Pia ] 7 Schema illoitnljo^ tl>« rroal cimbtion of the cortex aotf lardslli 

emerges as an efferent artenole, the afferent and efferent artenole form 
one large continuous lessel which contains smooth muscle throughout 
and m which there is little cndence of remn secretory activity The 
lumen into the glomerular capillanes opens directly on one side of this 
artenole m such a way that a proportion of the blood w hicli flow's to the 
medulla does not pass through glomeruli (Tig 1 7) 

Tlie blood to the medulla courses through two distinct systems. 
One consists of compact bundles of long tubes of capillary thickness 
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which carry the blood down to, and away from, the apex of the pyra¬ 
mids ; these are the descending and ascending vasa recta. The other 
system consists of a thick network of fine capillaries, it is situated in the 
outer half of the medulla; the same area as that occupied by the thick 
parts of the ascending Hmbs of the loop of Henle. The venous blood 
from the meduUa empties into the arcuate veins. The striking feature 
of the medullary circulation is that the blood in the long bundles of 
vasa recta is forced to flow in a counter-current fashion. It follows that 
the vasa recta with their capHlary-hke walls not only act as conduits 
for blood, but because the blood within them is in equilibrium with the 
interstitial fluid, there is imposed upon the environment of the medulla 
the physical properties of a counter-current system (p. 42). 

The Interstitial Space 

The cortex is almost free of connective tissue and in an ordinary 
histological preparation the peritubular venous capfllaries and the 
tubules are contiguous, which suggests that there is no interstitial 
space. It is by no means certain however that this is true in life. 
Sections from kidneys which have been frozen instantaneously, after 
being excised from hving animals, show that there exists a clear area 
around each tubule, between the tubule and the peritubular capillary. 
It is also weU established that the blood that drains from a kidney 
which has just been excised from a living animal has a much lower 
hasmatocrit than the hasmatocrit of that animal’s arterial or venous 
blood. It is probable that the extra plasma hes in the clear areas 
around the tubules. Usually these spaces are not visible, for the 
plasma they contain escapes with the blood in the capillaries via the 
cut renal artery and vein. 

The presence of an interstitial space in the medulla is certain, for 
the many parallel tubes that it contains are separated by a lagging of 
connective tissue which is particularly thick towards the apex of the 
pyramids. 


The Juxta-GIomeruIar Apparatus 

In each nephron the first part of the distal tubule rises from the 
medulla and comes to lie near the glomerulus of that nephron (Fig. 1.8). 
At this point the afferent arteriole to the glomerulus is in close contact 
with the distal tubule. The area where this contact takes place is called 
the juxta-glomerular apparatus for here the cells of the afferent 
arteriole contain cytoplasmic secretory granules of renin, and the 
distal tubular cells next to these granular cells are columnar with their 
nuclei placed near the lumen of the tubule. In the space between these 
specialised arteriolar and tubular cells there lies a third type of cells 
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which form a lace work pattern known as laas cells, they also extend 
into the mtercapillary area of the glomerulus and resemble mesangial 
cells Electron microscopy studies suggest that the granular cells of 
the artcnole, the laas cells and the mtercapillary cells of the glomerulus 
are related to each other and to smooth muscle 

Renal Ner%cs 

The innervation of the kidnejs comes from both the symipatlietic 
and the vagus ^^a the splanchnic nerves Tlie sympathetic supply is 
i^ually from TO to T12 Wjthin the renal parencliyrma there is a wide¬ 
spread distnbution of nerves and it is possible to trace ner\e fibres 
until they reach and cniclop the tubules as well as the capillaries 
Tliere are no ganglia in the kidney 
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TESTS OF RENAL STRUCTURAL INTEGRITY 

The following methods are used to obtain information about the 
structure of the kidney 

Clinical Examination of the Abdomen 

Straight X-ray of the Abdomen 

Intravenous Pj elography 

Renal Tomogram 

Renal Santigram 

Retrograde P 3 elography 

Renal Artenogram 

Renal Biopsy 

Isotope Renogram 

Clinical Examination of the Abdomen 

ObMOUsly this is most helpful m thm patients and may gi\e 
information about the presence of a tumour hydronephrosis and 
polycystic kidneys, if the kidneys are readily palpable it is usually 
easy to decide whether or not they are mudi larger than normal 
To obtain the best results from tlus examination it is essential that the 
patient mo\c lus diaphragm well down with each inspiration, while 
relaxing the anterior abdominal muscles Some patients seem unable 
to do this, but may be taught to do so by being told to place their hands 
palm downwards on the surface of their abdomen wlulc they practice 
Tenderness in the renal angle or o\cr the kidney antenorly mdicatcs 
that there is inflammation whidi may be due either to infection 
infarction or an allergic reaction 

A distended bladder is often an in\'aluable due to the presence and 
cause of renal failure 

Straight X-ra> of the Abdomen 

Such an X ray is less revealing than an intravenous pyelogram 
but it has certain advantages It can be performed at short notice and 
it causes no discomfort Often the outline of the kidneys may be 
dLstinguishcd so that their size, shape and position can be determined 
and it may also be possible to dcade wbether there are any shadows 
consistent VMth the presence of calculi or renal calcification 
11 
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Intravenous Pyelography (I.V.P.) 

This is achieved by the rapid intravenous administration of sodium 
diatrizoate (Hypaque) or sodium acetrizoate (Diaginol) at a time when 
the rate of urine flow is minimal. These two substances consist of 
dense molecules containing three radio-opaque iodine atoms which 
are filtered through the glomerulus and also secreted into the tubular 
fluid by the proximal tubules. In practice the amount which passes 
through the glomeruli far exceeds that secreted by the tubules. When 
there is a considerable concentration of these substances in the tubular 
fluid the renal parenchyma becomes faintly visible, while their presence 
in the urine causes the calyces, pelves and ureters to be densely 
shadowed. 

Intestinal gas and movements, feces and fat may considerably 
obscure and confuse the results. An aperient should be taken the 
preceding evening and, if it has failed to act, a small enema should be 
given. It is best to allow the patient to be up and about for 24 hours 
before the examination, and a low-residue diet and no medicine 
containing bismuth or similar radio-opaque substances should be taken 
for at least two days previously. Intestinal gas can sometimes be 
dispelled by an injection of aqueous vasopressin or neostigmine methyl- 
sulphate. 

The density of the pelvic shadow is dependent upon the following: 

(1) The concentration of sodium diatrizoate or acetrizoate in the 
blood perfusing the glomeruli. 

(2) The number of glomeruli. 

(3) The rate of urine flow, or in other words, the volume of urine in 
which the radio-opaque substances are contained. 

(4) The antero-posterior depth of urine through which the X-rays 
have to penetrate. 

The optimum concentrations in the blood are obtained with 60 to 
100 ml. of 60 per cent sodium diatrizoate. Larger quantities increase 
the amoxmt in the tubular fluid, but because of the accompanying 
osmotic diuresis their opaqueness to X-rays may be reduced. Nothing 
can be done to increase the number of nephrons, but it is probable that 
noxious stimuli (see below), including perhaps the radio-opaque 
substances themselves may decrease the function of the nephrons by 
renal vasoconstriction. 

To increase the amount and depth of the urine in the pelves and 
ureters they are sometimes forcibly distended by partially obstructing 
the lower ureters by compression of the lower abdomen with an 
inflatable rubber balloon. This is best done about 6-10 minutes after 
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the injection of the contrast solution, when its concentration in the 
pelves has reached a plateau The rate of unne flovs is reduced as much 
as possible by fluid deprivation or the administration of vasopressin 
tannate m oil 

The mam value of an IV P is that it demonstrates the size and 
configuration of the pelves and calyces, it is helpful m determining 
the size, shape and position of the Indneys, it is particularlj useful in 
first suggesting that there may be unilateral parenchymal disease 
Occasionally distortion of a calyx is best seen on a lateral or obhque 
view If the radio-opaque substance is given rapidly and films 
arc taken at 16 sec. 1, 2 and 3 min mtervals after the mjection, 
additional information can be obtained which is useful m the detection 
of those occlusions of the renal arteries which are suffiaent to cause 
hj’pertension, this manauvre must be performed without uretcnc 
compression 

Though the excretion of the contrast medium in easily visible radio- 
logical concentrations gives a relatively good indication that renal 
funebon is not grossly impaired, it is important to note that a poor or 
absent IV P shadow does not necessarily indicate abnormal renal 
function 

Obviously if one kidney is completely destroy ed or if the number 
of nephrons m one or both kidneys is inadequate to excrete the contrast 
medium at a sufficient rate to produce a visible concentration a poor 
or absent shadow is an indication of faihng function But absent or 
faint shadows on one or both sides occur too frequently with normal 
kidneys to be accepted as anything but a tenuous suggesbon of 
abnormality and if there is no confirmatory evidence of abnormaUty 
from other sources, the IV P should be repeated Occasionally there 
may be no shadow durmg the first I V P, yet a normal shadow is seen 
a few days later dunng a second The reason for such anomahes 
is not always clear Occasionally they arc due to a transient hy’po- 
tension or uretcnc obstruction It is al«> possible that the appro 
hcnsion and discomfort, which are an unavoidable part of intravenous 
py elography, may sometimes be responsible The pabent has to remain 
m one position on a hard X ray table for a considerable time and for 
some of this time he may endure a severe compression of the loner 
abdomen Much less stress is known to cau*m a bnsk nse m unne-fiow 
from inhibition of anti diuretic hormone secretion, or an osmotic salt 
diuresis (p 115) 

An I V P should not be perfonned m patients sufienng from 
myeloma particularly if there is any degree of renal failure. They 
may develop irreversible acute renal failure from preapitation of 
proteins m the collecting ducts Otherwise renal failure with a raised 
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blood urea is not a contraindication to the performance of an intra¬ 
venous pyelogram. In most cases, however, it provides little or no 
useful information for there is an insufficient quantity of radio-opaque 
substance in the urine. 


Renal Tomograms 

This technique is most useful when a patient presents with advanced 
renal failure of unknown cause. A renal tomogram enables one to 
determine the size and position of the kidneys with little disturbance to 
the patient. It is then easier to decide whether the renal failure is the 
end stage of a disease which has gradually destroyed the kidneys or an 
acute episode developing in previously normal kidneys. 

Renal Scintigram 

After the administration of an Hg®°^ labelled diuretic, the mercurial 
salt and itsTabel enter the cells of the proximal tubule where it remains 
for a certain time. It is then possible to delineate the outline of the 
kidneys by scanning the renal areas with a scintillation counter. The 
technique does not disturb the patient. Its main use is in finding out 
the position of the kidneys, detecting major differences in outline and 
size and in picking up local areas of renal ffisease when they are of suffi¬ 
cient size, such as tumours, cysts and areas of infarction. It is some¬ 
times useful in detecting small amounts of viable kidney tissue which 
have not been revealed by any other tests. 

Retrograde Pyelography 

A radio-opaque solution is introduced directly into the pelvis of 
the kidney after cystoscopy and ureteric catheterisation. Sodium 
diatrizoate (25 per cent) or sodium acetrizoate (15 per cent) is injected 
under considerable pressure to distend the pelvis and ureter; this is 
done after the patient has recovered from the anaesthetic so as to avoid 
overdistension. 

The information to be derived from a retrograde pyelogram is 
obviously confined within the borders of the pelvis, calyx and ureter. 

Renal Arteriography 

A radio-opaque substance is injected directly into the abdominal 
aorta at a point just above the origin of the renal arteries; 20-30 ml. 
of 70 per cent diodone or 30 ml. of 50 per cent sodium acetrizoate are 
administered via a catheter introduced through a femoral, artery; the 
total volume is administered in four seconds. The fluid travels rapidly 
into the renal arteries, capillaries and veins. Exposures are made at 
intervals of a few seconds following the injection at a time when 
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tubular secretion of diodone is rdatudy insignificant It is a highly 
specialised technique which gives good pictures of the renal vascular 
tree Its greatest use is to identify localised obstructions of the renal 
artery and its mam branches It can also reveal the presence of 
anomalous artenes and is sometimes most useful m defimng the exist¬ 
ence of localised areas of disease m the renal parenchyma, and distin- 
guislung between tumours and cysts The tumours being ^'ascular 
become radio-opaque m contrast to the C 3 ^ts which do not cast a 
shadow One of the advantages of this tcchmque is that it enables 
information to be obtamed about the substance of the kidney when an 
intravenous pyclogram has failed to produce a shadow Serious 
complications are rare, but include acute renal failure To obtain good 
pictures of the vessels m the cortex it is necessary to introduce the dye 
through a catheter which has been threaded from the aorta directly 
into the renal artery 


Renal Biopsy 

A renal biopsy can be performed in two ways Either the biopsy 
needle can be inserted through the intact skm when the biopsy sample 
IS then obtained ‘ blind *' Or the biopsy needle is inserted into the 
kidney under direct vision through a deep formal surgical approacli m 
the patient’s flank There is btUe doubt that in centres where renal 
biopsies are performed infrequently it is probably safer, and a satis 
factory sample of renal tissue is more hkely to be obtained more 
frequently, if the biopsy is performed under direct vision This tecli 
mque has the additional advantage that hemorrhage into the penrenai 
tissues can be prei ented On the other hand m order to perform an 
open biopsy the patient has to be aniesthctiscd and be has to suffer the 
discomforts and possible complications of an abdominal operation 

In most centres, therefore where renal biopsies are frequently 
needed it is customary to use the blmd techmque The biops> is 
Usually performed m tlie prone position Some authonties prefer to 
ha\e the patient m an operating theatre where it is certainly more 
con\ cment for the operator A general anjcsthetic is rarely gi\ cn unless 
the patient is particularly nervous or v j. oui\y A sand bag is placed 
under the abdomen, or if the patient is on an operating table, tlie 
bndge is raised The kidney is usually found by reference to a previously 
performed intravenous p 3 eIogram, though sometimes a straight \ ray 
of the abdomen is suffiaent A fine explonng needle is inserted througli 
tlic renal angle and the structures down to the kidney infiltrated with 
local anaslhetic When the needle is thought to be near the kidney the 
patient is asked to hold his breath the sjTinge containing the local 
anxsthetic is disconnected from the needle and tlie patient is now asked 
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to take one or two deep breaths. The needle is probably in the kidney 
if that portion of the needle outside the skin swings through a wide arc 
with each respiration. This is sometimes misleading if the patient is fat 
or cedematous and it must be remembered that the needle will also 
swing if it is in the liver.' Whether or not the needle swings, it sometimes 
rotates on its long axis on respiration. This is an almost certain indi¬ 
cation that it is in the kidney. The fine needle is then withdrawn and 
the procedure repeated with the biopsy needle when an attempt is then 
made to bring a fragment of the kidney to the surface. 

Experience greatly improves performance. Apart from the recur¬ 
ring difficulty of bringing the piece successfully to the surface, there are 
certain patients who present special difficulties. For instance, those 
with extensive spinal deformities such as spondylitis deformans or 
lumbar scoliosis, and those with ascites or pregnancy. There is general 
agreement that the contraindications to renal biopsy are (1) the 
presence of only one kidney, (2) a tendency to bleed, and (3) the 
presence of a hypernephroma, a large renal cyst, a perinephric abscess, 
or hydro- or pyonephrosis, and (4) an uncooperative patient. Some 
workers would also include a high blood urea (greater than 100 mg./ 
100 ml.), and malignant hypertension, unless the blood pressure is 
controlled during and for a few hours after the biopsy is performed. If 
the patient is being treated with an artificial kidney it is usual not to 
do a biopsy for two or three days on either side of a dialysis because of 
the heparin which is used during the dialysis. 

After the biopsy the patient is placed on his back and told to 
remain in that position uninterruptedly for at least 12-18 hours. This 
is more hkely to produce hemostasis than reliance on a tight abdominal 
bandage. The patient is also given a large drink of water to induce a 
diuresis. This not only diminishes the possibility of clot formation if 
there is hematuria but more quickly demonstrates its presence and 
extent. The serious complications of biopsy are preponderantly those 
of hemorrhage either into the renal pelvis or into the retroperitoneal 
space. Microscopical hematuria always occurs, and direct observation 
of the retroperitoneal tissues during an open renal biopsy also shows 
that there is always a perirenal hematoma. It is generally considered, 
however, that a " complication ” has occurred only when either the 
hematuria is macroscopic, particularly if there is clot formation, or if 
the retroperitoneal hemorrhage is sufficiently large to cause pain in 
the flank and a fall in hemoglobin. Gross hematuria occurs in about 
5-10 per cent of cases, and perirenal hematoma in about 2 per cent. 
Occasionally macroscopical hematuria persists for several days, and 
there are a few instances of a delayed onset of hematuria. Blood 
transfusions have been used in about 2 per cent of cases. Other 
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complications include pain dunng the biopsy uhich is usuallj in in\ erse 
relationship to the patient s nervousness A sharp hut unimportant 
pain is produced if the ileoingumal ner\e is transfixed as it emerges 
from the border of the sacrospmalis, uhde a dull ache radiating into 
the ihac fossa mdicates that a retroperitoneal hxmorrhage is forming 
A few patients complain of a transient pain m the back after the biopsy 
Comparisons of renal functional capaaty before and after the biopsy 
have demonstrated that unless there is uretenc obstruction from a dot 
there is no disturbance of function Senal renal aortograms ha% e been 
performed in a few patients after renal biopsy They have revealed a 
disturbing number of transient mtrarcnal arteno-venous shunts which 
may take several months to resolve 

A renal biopsy is dearly the only method of making an exact histo¬ 
logical diagnosis during life The information winch has been obtained 
in this way has been of the greatest value in throwing hght upon the 
natural course of renal disease It is true that often such diagnostic 
precision is of no therapeutic benefit to the patient and that the 
histological appearance may frequently be surmised from the history 
dinical details and past expcnence of autopsy matenai nev ertheless 
even m the present era of therapeutic helplessness m regard to most 
renal diseases (here arc occasions when an exact histological diagnosis 
may be of importance in deadmg the patient s future treatment 

Isotope Renogram 

Para amino-hippunc aad(PAH)isacti\ ely secreted by the proximal 
tubules into the tubular fluid and it is then excreted in the unne 
(p 82) If a single injection of I*®* labelled PAH is giv cn intrav enously 
the concentration of PAH in the kidney nscs within a minute to a peak 
and then falls gradually to control viilues in the next 10 to 20 mm If a 
santiUation counter is placed over the kidney and the intensity of 
radiation emitted from the P®* labelled PAH m that area is continuously 
monitored it is possible to obtain a continuous graph of this process. 
Tlie shape of the curve will clearly depend on (i) the rate at whicli tlie 
PAH reaches the kidney i e the renal Wood fio« (u) the number and 
condition of provimal tubule cells winch transport the PAH into the 
tubule fluid and (lu) the rate at which the PAH is earned away from 
the kidney in the tubular fluid and unne The tcclmique is most useful 
in detecting and particularly m following the course of urctcnc ob<tnic- 
tion It IS also useful in following the pn^ess of a transplanted kidney 
At one time the isotope renogram was used extensiv ely to try and defect 
localised abnormaUtics of the renal arculalion such as renal artery 
stenosis For this purpose, however, it should ne\ cr be used as the only 
screening procedure, it should be one of a battery of tests for it is 
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liable to give false negative results in up to 26 per cent of patients 
with renal artery stenosis. 
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INTRODUCTION TO RENAL FUNCTION AND SOME 
THEORETICAL CONSIDERATIONS CONCERNED 
IN TESTING ITS INTEGRITY 

The function of the kidney is to assist m keeping the volume and 
composition of the extracellular Buid witlun normal limits, it is also 
concerned with the maintenance of a normal blood pressure and 
erythropoiesis 

The composition and v olume of the extracellular fluid is controlled 
by glomerular filtration, and tubular reabsorption or secretion In a 
day approximately 1801 of almost protem free fluid is filtered through 
the glomerular capillaries into the glomerular space, from whence it 
passes into the tubule As this filtrate travels down the tubule various 
substances are either subtracted or added to i(, so that eventually 
only about one btre emerges as unne. this is the water and solutes 
which the body needs to discard. The renal mechanisms involved in 
regulatmg the blood pressure and erythropoiesis are obscure, the> are 
discussed m Section 0 (p 104) and Section 10 (p 107) 

In normal circumstances every glomerulus is continuously being 
perfused with blood, there is no evndence that the mtermittency of 
glomerular arculation described in the frog is present m man The 
rate of blood Dow is adjusted by alterations m the afferent and efferent 
glomerular artenoles Such Ganges must influence the glomerular 
capillary pressure and in turn the rate of glomerular filtration Altera 
tions in glomerular filtration rate are. within wide hmits affected by 
changing the rate of filtration m each glomerulus Tliere is no evidence 
that new nephrons arc opened up when glomerular filtration rate 
increases, and complete closure of some glomerub only occurs when 
glomerular filtration rate is suddenly reduced below 50 per cent 

Normally approximately 120 ml of filtrate are sepanted from the 
COO ml of plasma that pass through the kidneys each minute Tlie 
ratio glomerular filtration rate renal plasma flow is knowm as the 
filtration fraction It can be seen that in health it is about 0 2 In 
disease it may v ary from 0 1 to 0 3, but it is clear that, as might hav c 
been expected, the relationship between the rate of renal plasma flow 
and the glomerular filtration rate remains relativ ely’ dose. 

Glomerular filtrate contains all the diffusible ultrafiltrate substances 
present in plasma and. ignonng a sbght difference caused by the plasma 
!• 



20 


INTRODUCTION TO RENAL FUNCTION 


proteins, they are present in the same concentrations. There is also 
some indirect evidence that the filtrate contains small concentrations 
of protein, probably less than 30 mg./lOO ml.; though this is a relatively 
insignificant concentration, it nevertheless amounts to a filtration of 
about 60 g. of protein in 24 hours. 

Theoretical Considerations 

The contents of the urine are selected from the plasma by a wide 
variety of mechanisms. It follows that the methods used to measure 
the efficiency of these mechanisms also vary. For instance, it will be 
shown in Section 5 that one of the best methods for testing the 
kidney’s abiUty to control the sodium content of the extracellular 
fluid is to place the patient on a salt-free diet, and then to observe 
whether the kidney is able to diminish the excretion of sodium. Such 
a method is obviously unsuitable for measuring the kidney’s ability to 
control the extracellular fluid concentration of substances which, 
regardless of intake, are continuously being manufactured by the body, 
e.g. urea and creatinine. 

It has been found empirically that the most convenient gauge of 
the kidney’s ability to control the extracellular fluid concentration of 
substances such as urea and creatinine is to calculate the quotient 
amount excreted in the urine per min. (mg./min.) UV 

concentration in the plasma (mg./ml.) P 

where U = the concentration in the urine (mg./lOO ml.), V = the 
urine volume per min. (ml./min.), and P = the plasma concentration 
(mg./lOO ml.). This quotient can of course be calculated for any 
substance which is present in the plasma and the urine, but it is of no 
value if the result is greatly influenced by factors unrelated to renal 
function (e.g. diet). It is useless, for example, to calculate the quotient 
for sodium for in a normal person it may vary by more than 100 
per cent during a single day. The quotients for urea and creatinine, 
however, are relatively constant for their urinary excretion throughout 
the day is far more uniform. 

The quotient is inevitably expressed as ml./min. (i.e. 

- - ml./min.) and is conventionally referred to as a " clearance.” 

This curious term derives from an extension of the fact that the result 
of dividing the amount excreted in the urine by the plasma concentra¬ 
tion gives the least volume of plasma which could have contained the 
amount excreted. It follows that the quotient can therefore be 
considered as representing the volume of plasma which must be 
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completely ' cleared " to provide the amount appearing m the unne 
The concept of a clearance is only a particular way of thinking about 
UV 

the quotient -p-, it is obviously unrelated to uhat is actually 

happening in the kidney, for there is no evidence that some of the 
plasma is stnpped of certain of its contents while the remainder 
emerges unchanged The disadvantages of the word 'clearance 'are 
the tortuous explanations and frequent misconceptions to uhich it 
gives nse 

Measurement of Glomerular FfltraUon Rate 

The most precise measurement of glomerular filtration rate is 
obtained wth inulin, for after passing freely through the glomerulus 
it travels down the tubule without any being subtracted or added by 
the tubule cells The quantity that is excreted in the urme in one 
minute is therefore the same as that which is filtered But it is known 
from puncture of the glomerular capsule by micropipcttes that the 
capsular fluid (i e the glomerular filtrate) is identical to plasma ultra¬ 
filtrate Therefore the quantity of muhn present in the unne must, 
as it passes through the glomerulus be accompanied by a quantity 
of water sufficient to keep the muhn concentration m the capsular 
space the same as m the plasma This volume is dearly that of the 
glomerular filtrate, it is estimated by calculating the least volume 
of water (i e plasma) that can have contained the amount of muhn 
UV 

excreted in the unne, i e -p- The inulm dearance is thus a measure 

of glomerular filtration rate For instance, if the plasma concentration 
of muhn is 10 mg /lOO ml, and 10 mg of muhn is excreted m the unne 
m one minute, it is clear that if muhn is not reabsorbed or secreted by 
the tubule cells, 100 ml of water passing through the glomerular filter 
in one minute 

For similar reasons the creatinine dcaiancc is also used as a measure 
of glomerular filtration rate, but it is not so exact as muhn for a small 
quantity of creatimne is secreted into the tubular fluid by the tubules. 

Measurement of Renal Plasma and Blood Flow 

The renal plasma flow (R P F) can theorectically be calculated by 
the Tick pnnaple using any substance excreted m the unne, proiided 
that the renal arterial (RA), and renal \enous (RV) plasma con¬ 
centrations, tlie unne flow (V), and Uie unne concentration (U) of tint 
substance are known 

. UV (excretion per minute) 

R P r (ml /mm) = ■ . , - - -r-r-r 

RA-RV (arteno \ cnous difference) 
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From this renal blood flow (R,B.F.) can be calculated from the 
arterial hasmatocrit (Hct): 


R.B.F. 


R.P.F. 

Hct 

100 


It will be seen below that this laborious procedure is seldom 
necessary, but it can be performed by obtaining samples of arterial 
blood from the femoral artery, while renal venous blood is obtained 
via a catheter introduced through an antecubital or femoral vein. 
Clearly a substance that is almost completely excreted by the 
kidney and therefore has a large RA-RV difference will give more 
accurate results than one hke sodium which has an insignificant 
RA-RV difference. An almost ideal substance is para-amino-hippuric 
acid (PAH) which is infused intravenously until a steady plasma 
concentration is achieved. 

If the plasma PAH level is less than 5 mg./lOO ml. about 90 per 
cent of the PAH reaching the kidney is promptly excreted in the urine 
(except in cases of advanced renal failure). In general, therefore, it is 
not necessary to catheterise the renal vein to sample the renal venous 
blood, for it can be assumed that RV is negligible (i.e. RV = 0) or: 


R.P.F. = 


UV 

RA 


In other words the clearance of PAH is a measure of renal plasma flow. 

Furthermore, since the peripheral venous plasma concentration of 
PAH is almost identical to that in the arterial blood, it is also un¬ 
necessary to sample arterial blood, and the whole technique is greatly 
simplified. 

In clinical work PAH clearances are hardly ever estimated. There 
is a relatively rigid relationship between the renal blood flow and the 
glomerular filtration rate, and it is easier to estimate filtration rate 
than renal blood flow. The simplest way to perform a PAH clearance 
is to inject 12 ml. 20 per cent PAH mixed with 6 ml. 2 per cent 
xylocaine into the loose subcutaneous tissues of the axilla. The urine 
collection periods are begun 30-45 minutes later. 
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It has been mentioned earlier that approximately COO ml of plasma 
pass through the glomeruli per minute from which are filtered about 
120 ml of fluid that is almost free of protein and blood cells Glomerular 
integnty can thus be studied by measuring glomerular filtration rate 
and by examining the unne for the presence of protein, cells and casts 

Glomerular Filtration Rate 

The four methods most widely used to obtain an indication of the 
glomerular filtration rate arc, in descending order of accuracy 

1 Inulin clearance 

2 Vitamin Bn clearance 

3 Creatinine clearance 

4 Urea clearance 

G Plasma concentrations of creatinine and urea 
InuUo Clearance 

An inulin clearance is a protracted procedure, many blood samples 
arc needed and, as unne is collected at short intcraals, rclatiaely large 
errors due to incomplete bladder emptying may occur which can 
only be avoided with certainty by catliclcnsalion Tor these reasons 
glomerular filtration rate, except for research purposes, is hardly ever 
determined by inulm clearance For clinical purposes an inuhn clearance 
can most easily be performed after an intravenous injection of 00 ml 
of 10 per cent inulm Tlie unne collections are begun 30 minutes liter 

Vitamin D|a Clearance 

In physiological amounts vitamin Bu is firmly bound to plasma 
proteins If, however, the binding sites on the proteins arc satunted 
by the administnition of large amounts of Mtamm Bjj a proportion 
of the Mtamm wall then be m a free or dtaly’sablc state Tlie clearance 
of this dialysabic vatamin B ,2 is the same as tJiat of inuhn, and Mtamm 
Bij can therefore be used to measureglomcrulir filtration rate Radio¬ 
active Mtamm Bj, (^’Co-Cy-inocobalaran) is given after the phsma 
protein binding sites have been saturated with stable vatamin B,a 

S3 
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In this way all but about 8 per cent of the plasma radio-active vitamin 
Bi 2 is free and the clearance of vitamin is technically easy. Un¬ 
fortunately, the extent of protein binding cannot be assumed to be 
the same from patient to patient and it must therefore be estimated 
each time. This is a time-consuming and not altogether satisfactory 
business. The only advantage a vitamin B 12 clearance had over an 
inulin clearance was that it substituted an easy isotopic counting 
technique (vitamin B 12 ) for a protracted manual chemici estimation 
(inulin). Now, however, that inulin can be estimated on an automatic 
analyser this advantage no longer exists and in view of the difficulties 
with plasma binding, a vitamin B 12 clearance is now the more laborious 
technique. 

Creatinine Clearance 

This remains by far the most convenient method of obtaining a 
fairly accurate estimate of glomerular filtration rate. The clearance 
of pure creatinine however is slightly greater than that of inulin, 
indicating that some creatinine is actively secreted by the tubules. 
For chnical purposes this is unimportant; except in a few patients who 
are excreting large amounts of protein in the urine when the creatinine 
to inulin clearance ratio may rise to two. In addition patients with 
advanced renal failure may have ratios as high as 1‘4, but at these low 
rates of glomerular filtration such errors are of no great .moment. 
Urine and plasma creatinine are now estimated on an automatic 
analyser. In this way the original technical difficulties inherent in 
trying to distinguish between pure creatinine and the other plasma 
chromogens are avoided. 

The clearance of creatinine is a much more convenient determina¬ 
tion to make than that of inulin, for creatinine is already present in 
body fluids; its plasma concentration being remarkably steady 
throughout the 24 hours. Creatinine clearance tests can therefore 
be performed over long periods without the necessity of continuous 
intravenous administration; and because the plasma concentration 
is so constant only one sample of blood need be taken for a 24-hour 
collection of urine. Such long periods minimise inaccuracies caused by 
incomplete bladder emptying or shpshod timing of the duration of 
urine collection; they also diminish the effect of transient emotional 
reactions on renal function. 

Procedure for a 24-hour Creatinine Clearance 

The basic requirements are a 24-hour collection of urine and one 
sample of blood taken at any time during this period. But because an 
accurately timed collection of urine is so incredibly difficult to obtain. 
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it IS perhaps worth while descnbing some of the difiiculties which arc 
encountered A 24 hour collection of unne can start at any convemcnt 
hour e g 9 a m at this time tlie patient is asked to empty his 
bladder and this unne is discarded for the next 24 hours all the unne 
that IS passed is collected mto one container and the collection ended 
when the patient is asked to empty his bladder for the last time at 
about the same hour as on the previous day this unne being included 
in the 24 hour collection It is clearly of no importance if the actual 
duration of the collection penod is a few hours more or less than 24 
so long as it is accurately timed The volume of the unne is then 
measured and the rate of unne flow per minute is calculated by dinding 
this volume by the number of mmutes which the collection penod has 
lasted A comement slogan is that the unne collection should be 
timed to the nearest minute and measured to the nearest ml A 
screw topped bottle full of this unne and the blood sample are then 
sent together to the laboratory for creatinine estimation and calculation 
of the clearance 

This simple mancEu\ re may be vitiated by the following accidents 
(1) Unless the patient has been warned unne may be passed dunng 
defxcation and thrown away (2) unless unne is placed immediately 
mto a large container it may be lost and not included m the 24>hour 
collection (3) occasionally the unne passed at the beginning of the 
collection penod is included in the total collection though the patient 
ma) have four or five hours unne m his bladder (4) it is not unknown 
for a 24 hour collection to cease when the container mto which it is 
being collected is full regardless of the time the collection began 
beware therefore of a 24 hour collection bottle filled to the bnm 
JIany of these troubles can be avoided by making the patient respon 
sible for his own unne collection 

Urea Gearance 

The clearance of urea is the most widely used test of renal function 
Us %alue depends on the fact that urea cleinnce is dircctlj related to 
the glomerular filtration rate As a guide to the rate of glomerular 
filtration howeier it is mfenor to the creatinine clearance Its main 
disadvantages arc (1) Tlie clearance of urea is considerably less than 
the rate of glomerular filtration (2) this discrepancy vanes wath the 
rate of unne flow and (3) the ward procedure involved in a urea 
clearance makes it v cry vulnerable to technical inaccuraacs 

In normal subjects when the unne flow is greater than 2 ml /mm 
urea clearance is about nircc-fifths of the glomerular filtration rate 
at lower unne flows It IS less Tins rdationship is illustrated in Tig 4 1 
It suggests that iJiough tJicrc is every reason to believe that urea is 
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filtered through the glomerulus at the same rate as inulin and creatinine, 
for urea is a small highly diffusible molecule, a great deal must be 
reabsorbed as it passes down the tubule. At urine flows above 
2 ml./min. the amotmt reabsorbed is constant and is about two-fifths of 
the quantity which has been filtered, and as the urine flow becomes less 
so gradually more urea is reabsorbed. In an average man, therefore, 
the urea clearance at urine flows above 2 ml./min. is 3/5 x 120 = 
75 ml./min.'; such a clearance (obtained at urine flows greater than 
2 ml./min.) is sometimes called the maximum urea clearance. For 
traditional reasons this absolute figure is sometimes converted into a 

GLOMERULAR 



Fig. 4.1. Schema showing the relationship between the clearances of 
inulin, creatinine and urea to the urine flow and to each other. 


percentage, i.e. a urea clearance of 37 ml./min. is reported as being 
37 

— X 100 = 50 per cent of normal. The merit of this system is that one 
7 5 

does not have to remember the normal urea' clearance, but why this 
dispensation to feeble memories should be extended to urea clearance 
is not certain. It probably dates from the time when' clinicians were 
considered to be unable to grasp absolute figures. 

When the urine flow is less than 2 ml./min. urea clearance varies 
with the rate of urine flow, but in normal subjects, if the clearance is 
then multiplied by the square root of the rate of urine flow, a figure is 
obtained which approximates to an average of 54 ml./min., regard¬ 
less of the rate of urine flow. This mathematical jugglery is called a 
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" standard urea clearance it is a manceuvre %vhicli adjusts all the 
true clearances measured at rates of unne flow below 2 ml /min as if 
tlie> had been estimated at a standard unne flow of 1 ml /mm The 
results are again expressed as a percentage This rigmarole has 
probably caused more confusion about the nature of renal function m 
those not familiar with the subject than any other of the many 
mathematical obscurities which so often enshroud the kidney It is 
obvious that a “ standard urea clearance ” is not a clearance and that 
the use of the word "standard” m this context is misleading Tor 
clinical purposes these complications are best a\ oided by doing urea 
clearances at rates of unne flow abo\e 2 ml /mm 


Procedure or Urea Clearance 

Plasma levels of urea may fluctuate, and urea clearances > ary with 
the unne flow, so that clearances hare to be performed over short 
penods It is customary to perform them m the morning when tlie 
patient IS in a fasting state In order to raise the unne flow above 
2 ml /mm two glasses of water are gnen about half an hour before the 
beginning of the first penod when the bladder is emptied and the unne 
discarded An hour later the bladder is emptied again, the unne is 
saved and a sample of venous blood is taken Finally the unne is 
collected once more after a further hour The volume of the two unne 
collections is measured and a sample of each collection is then sent, 
together with blood to the laboratory for urea estimation and calculi 
tion of the clearance The point of having two collection penods is to 
enable a comparison to be made between these two clearances so tint 
the accuracy of the unne collection may be gauged 

Senous errors will occur if the bladder cannot be emptied properly 
or if those concerned with noting the duration of the unne collection 
penod are horologically amoral Occasionally the test may be in 
fiuenced by the emotional reactions of the patient to hiving to empty 
his bladder at predetermined intervals, or to having to submit to 
venepuncture 

There is a point in the laboratory technique which sometimes 
causes confusion The urea cfcarance is usually expressed is i 
UV UV 

" blood " clearance, i e — (as opposed to —) This is possible 

because urea is freely diflusiblc mto red cells and tlic concentration 
of iirei in whole blood is almost identical to its concentration in 
plasma Blood urea estimations can therefore be performed on spun 
red cells leaving tlie supernatant plasma available for other 
estimations 
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Plasma Concentrations of Urea and Creatinine as a Guide 
to the Rate of Glomerular Filtration 

Normal plasma urea concentrations vary between 15-35 mg. per 
100 ml., the lower values tending to be found principally in children, 
and during pregnancy; normal plasma creatinine concentrations vary 
between 0'15-1‘4 mg. per 100 ml. If the clearance of these substances 
parallels the rate of glomerular filtration it is clear that when the 
filtration rate falls their plasma concentrations will rise. It would 
seem simpler therefore, when tr 5 dng to gauge the state of the 



CREATININE CLEARANCE ml./mln. 

Fig. 4.2. Schema of the relationship between glomerular filtration rate 
(creatinine clearance) and the blood urea at varying levels of protein intake. 

glomerular filtration rate, to be guided by an estimation of these 
plasma concentrations instead of having to perform clearances. Un¬ 
fortunately the relation between glomerular filtration and plasma 
concentration is such that these concentrations are only of limited 
usefulness in this respect. The reasons for this are given below. 

The plasma concentrations of urea and creatinine depend on their 
rate of production and elimination. If their route of elimination is via 
the glomerular filtrate and their daily production is relatively constant, 
then a fall in glomerular filtration rate will cause their plasma concen- 
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Irations to nsc until a new cquilibnum is reached Oimerselj, if 
glomcnrlar filtration rate remains ocmstant and the rate of urea or 
creatinine production increases their plasma concentrations will also 
increase The connection bctw ccn glomerular filtration, the production 
of urea and creatmme, and their plasma concentrations are analogous 
to the situation that obtains when fluid is being poured into a funnel 
The height of tlie lev cl of the fluid m the funnel depends on the diameter 
of the funnel s outlet and the rate at which the fluid is being dehv ered 
mto the funnel The level rises until it has become sufficiently high 
above tlie outlet to force the fluid out as fast as it is being poured in at 
wl 


S *-o 



30 40 *0 *0 aOO ISO 140 UO IfO 

CREATININE a£ARANCE ml/mn 
Tic 4 3 The relatlooship Uetwem plasma creaUmne concentration and the 
creatinine clearance in 140 pot ents. Jt ran he setTi that at one 
clearance the plasma creatinine coocentiations are wideljr scattered 
For instance there are several clearaners below EO ml/min mth normal 
creatinine concentrations (• e below 1-4 mg /lOO ml) 

tlic top If the outlet is then partiallj occluded or the rate of delivery 
into the funnel is increased the level of fluid in the funnel rises higher 
until 1 new cquilibnum is reached The supplj of liquid into the 
funnel represents the production of urea and creatmme the height 
of liquid in the funnel their plasma concentrations, and the diameter 
of the outlet the rate of glomerular filtration WTien each new cqui 
libnum is reached the rate of elimination equals the rate of production 
Tlie relationship between the blood concentration of urea and the 
glomerular filtration rate is illustrated m Fig 4 2 It can be seen that 
as the glomerular filtration rate dimimslics there is at first onl> a small 
absolute nsc in blood urea so that when the filtration rate is down to 
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half its normal value the blood urea is still only 35-50 mg. 100 ml. Further 
reductions in filtration rate, however, produce large absolute changes. 

The implications behind this relationship are: (1) Plasma concen¬ 
trations of urea and creatinine show little absolute change until, 
functionally, the patient has lost one kidney; (2) when the glomerular 
filtration rate is low a small additional reduction in filtration rate will 
produce large changes in plasma concentrations. The latter is par¬ 
ticularly striking in a patient with a moderate degree of renal failure 



Fig. 4.4. Serum concentration of creatinine and urea. The percentage 
variation from the average serum concentrations of creatinine and urea 
in normal men on diets containing 0-5 to 2-6 g. of protein per kg. body 
weight. It is apparent that the creatinine concentrations vary less 
than those of urea. (Addis, 1949, " Glomerular Nephritis," Macmillan, 
New York.) See also Fig. 4.5 (p. 31). 

and a blood urea of 50-60 mg. per 100 ml. who develops cardiac failure, 
or who has a haemorrhage; the blood urea may then rise to 150-200 
mg. per 100 ml. with a superimposed decrease in glomerular filtration 
rate of only 10-20 ml./min. 

It is clear that if the blood urea concentration is greater than 
60 mg. per 100 ml., or the plasma creatinine above 2 mg. per 100 ml., 
there is probably severe depression of glomerular filtration rate; but 
values below these are indifferent indications of glomerular function 
(Fig. 4.3). This is not only because at these lower concentrations large 
disturbances of glomerular filtration cause small absolute changes in 
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plasma concentrations but also because such small changes may be due 
to other factors than alterations m filtration rate This is particularly 
applicable to urea for (1) its rate of elimination in the unne isnot only 
related to the glomerular filtration rate but also to the unne Com , and 
(2) its rate of production is profoundly affected by dietary protein con 
tent and endogenous protein catabolism Tig 4 2 illustrates the effect 
of high and low protein diets on the relation betueen blood urea and 
glomerular filtration rate m normal subjects It show’s that w’lth low 
protem mtakes the Ie\ el of blood urea may remain within the normal 
01 
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Fis 4 6 The effect of & 20$ protein diet cn the blood ores and creatinine 
dearance in a patient cviSeriDK from advanced renal failure Tbere b a 
profound fall in blood area though there has been a aiigbt fall in creatinine 
clearance 




range though there is a substantial fall in glomerular filtration rate 
(the impaired production of urea in liter disease may also cause a 
simifar effect^ Hg -f 5 iffustratcs this point m a pafient with acftanced 
renal failure (creatinine clearance of C ml /mm ) Contcrsclj, a high 
protein diet will raise the blood urea to pathological let els though 
the glomerular filtration rate is normal or unchanged Tliesc factors 
also mfluencc the plasma concentrations of crcatinmc but to a much 
smaller extent (Tig 4 4) for the rate of creatmme production is mainlj 
a function of the sire of the musde mass and is little influenced b> 
protein intake 
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. Finally, plasma concentrations of both urea and creatinine are 
often misleading because they lag behind changes in glomerular 
filtration rate. This is most obvious during the first few days of acute 
renal failure when there may be a gross reduction in glomerular 
filtration rate with initially a relatively small rise in blood urea or 
creatinine. 

Conclusion 

In a patient in whom renal disease is suspected the finding of a 
substantial rise in blood urea or creatinine is nearly always good 
evidence of a severe reduction in glomerular filtration rate. If the 
patient has been on a low protein diet however, an estimation of the 
plasma concentration of urea may be grossly misleading (e.g. blood 
urea of 70 mg. per 100 ml. with a glomerular filtration rate of 10 ml./ 
min.); in these circumstances the creatinine concentration permits a 
much more accurate assessment of the filtration rate. With plasma 
concentrations in or near the normal range it is necessary to estimate a 
24-hour creatinine clearance or a one-hour urea clearance before it can 
be decided whether there is any impairment of filtration rate. 

The only advantage of a urea clearance is that when the glomerular 
filtration rate is below approximately 10 ml./min., then an accurate 
urea clearance estimated over a short, collection period is close to the 
inulin clearance regardless of the rate of urine flow. In addition, an 
abnormally low urea/inuhn clearance ratio indicates an increased back 
diffusion of urea through damaged tubules. 

Proteinuria 

It is probable that glomerular filtrate contains 10-20 mg. per 100 ml. 
of protein, and that the relative lack of protein in the urine is due to 
its being reabsorbed by the tubules. The normal 24-hour protein 
excretion is 0-90 mg. In theory, therefore, the presence of protein in 
the urine means either that an increased amount has escaped from 
the glomeruli or that less has been reabsorbed by the tubules. But 
though diminished tubular reabsorption may occur, proteinuria is 
usually due to changes in the glonieiuli. 

It is best to test for proteinuria by precipitation either by boiling 
or by the addition of salicyl sulphonic acid. " Stick ” tests such as 
Albustix do not detect Bence Jones protein (p. 362) and should therefore 
not be used in a ward. The normal low protein concentration of the 
urine is not apparent with these tests; otherwise they are relatively 
delicate and with 25 per cent salicyl sulphonic acid a protein concen¬ 
tration of 0-2 g,/l. is evident as a “ trace,” and 5-0 g./l. will give a 
heavy flocculent precipitate. For clinical purposes it is traditional to 
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comment on the protcinuna in a semiquantitatu e manner, a barely 
perceptible precipitate being called a " trace ” and a hea\’y precipitate 
+-f-4*+. + to +++ in between This is more useful if the 

concentration {i e specific grav ity) of the unne is measured at the same 
time for the rate of protein excretion is relatii cly constant throughout 
the 24 hours and is related to the glomerular filtration rate whereas 
the concentration of protem fluctuates with unne flow In other w ords, 
the finding of + of protem in a dilute unne indicates a mucli greater rate 
of protein loss than a similar finding in a amcentrated unne The only 
accurate way to measure tlie extent of proteinuria is to measure the 
amount of protem excreted in 24 hours 

In general one may say that persistent protemuna does not occur 
with disease of the lower unnarj' tract, neoplasms of the unnary 
tract, however, will sometimes give nse to intermittent or persistent 
protemuna, and with severe exudative or hxmonhagic lesions there 
may be protem +, but this will only occur when the pus and blood are 
visible macroscopically It is essential to reahsc that it is the presence 
of protein in the unne which is the important abnormality, and that 
the rote of protem excretion is of secondary importance Advanced 
renal failure may be associated with only a trace of protein m the unne 
Protemuna is almost always present when there is disease of the renal 
parenchjTna, and though there arc many transient and ummportant 
causes of protemuna, it should not be dismissed, particularly if it is 
persistent In women a trace of protem may be caused b> contamina¬ 
tion with v-aginal discharge 

Starch electrophoretic separation of unnary proteins distinguishes 
some of the proteins bemg excreted Tlicy are the same as those present 
m the plasma, although their relative concentrations are ddlerent, for 
their rate of unnarj' excretion seems to be related to molecular size 
The loss therefore, of albumin and oj globulin is usually much greater 
than that of oj globizhn, a distnbution which is cliaractenstic m the 
nephrotic syndrome Occasionally the pattern may be different, in 
acute ncphntis the unnary proteins arc m the same proportions as 
tho<;e m the plasma while m myelomatosis a small globulin ma> appear 
w ithout albummuna Tlie pattern of protein excretion is best measured 
quantitatively bj distinguidnng tlie proteins cither b> specific immu 
nodicmical tediniques or b} Ihcir molecular weights on a Sephadex 
G 200 column 


Unnary Deposit 

Red and white cells and hjadinc casts are found in normal unne 
In order to determine .accurately the extent of white and red cell 
excretion it is necessary to measure their rate of excretion per unit time 
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The subject empties his bladder as completely as possible, the time 
is carefuUy noted, and the urine discarded. Three to fours hours later, 
the bladder is emptied once more, the time again noted and the urine 
kept. In women it is necessary to avoid including cells from the 
urethra and introitus. The urine is therefore collected in two containers. 
The concentration of ceUs is measured only in the urine that is excreted 
into the second container; the rate of excretion is then calculated by 
multiplying this concentration by the total volume, i.e. the volume of 
urine in both containers. In men it is only necessary to avoid preputial 
contamination. Within two hours the specimen is thoroughly shaken, 
precipitated phosphates dissolved by adding a few' drops of glacial 
acetic acid, and 10 ml. is measured into a graduated centrifuge tube. 
After spinning at 2,000 r.p.m. for five minutes, 9 ml. of the supernatant 
is discarded and the remaining 1 ml. thoroughly mixed with a Pasteur 
pipette. The ceUs in a drop of this fluid are then counted in 2 c.mm. 
of the ruled area of a Fuchs-Rosenthal counting chamber under 1/6 
objective. Only unequivocal polymorphs are counted, disrupted and 
degenerated ceUs are not included. The results are calculated as foUows, 
and expressed either as the number of red ceUs or the number of 
leucocytes ceUs excreted per hour. 

600 X C X V 60 CV 
10 T ~ T ’ 

where C = actual number of cells counted, V = volume of specimen 
in miUiUtres, T = time in hours over which the specimen was formed, 
and 500 = the factor to convert 2 c.mm. to 1 ml. The ceUs are more 
easily recognised if the urine is not too concentrated; it is useful 
therefore, to see that the patient passes about 200-400 ml. of urine in 
the three to four hours of the collection period. 

With this technique an excretion of white cells greater than 200,000 
per hour is abnormal; the average normal excretion is about 50,000 
per hour with a range of 0 to 200,000/hr. though occasionally normal 
subjects have rates between 200,000 and 400,000/hr. The rate of 
excretion of red cells is approximately the same. This is a relatively 
laborious technique which again suffers from those recurrent difficulties 
which are associated with trying to obtain a timed sample of urine. 
It has been found, however, that a close approximation to the red or 
white ceU excretion rate can be obtained by simply measuring the 
concentration of red or white cells in a drop of uncentiifuged unne 
(Fig. 4.6). Again a counting chamber is used but it is not necessary to 
time the urine collection or to spin the urine. When there are more than 
10 white or red ceUs per c.mm. the white or red cell excretion rate is 
abnormaUy high, whereas if there are less than three per c.mm. it is 
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normal; ^^hen the result lies between three and 10 per c mm. it is best 
to repeat the test. These criteria apply to diildren and adults; in infants 
less than 10 white cells per cmm. is considered to be nonnal. 

There are two other Wei’s in which the white cdl content of the 
urine has been gauged in the past. One consisted of anecdotal remarks 
such as '* scanty \vhite cells ”, *' a moderate number of r\hite cells ” 
and the now famous ” white cdls seen Tlib technique is only of use 
when the white cells are very numerous. In the other method a sample 



V^hire Ccll»/hr Centclfu<;ed Unn« 

Fig 4 C Corapaiuon of the «hit« cell concratnUon nseanred in uneentri- 
(uged nnne (white cells per c mm) with the white cell excretion nte 
calcutsted from counts made on centnfuged uiuse (white cells per hr ) 
The vertical hoe is et 400 000 cells per hr. The honronisl hue at 3 and 
10 cells per c.mnv. (Little. Bm.J, Uret, IlHH) 


of urine is spun for 10 min., a drop of the deposit is then placwl on a 
pbin glass slide and covered by a cover shp. Tlie numbers of cells seen 
per high power field (usually with a 1/IC objective) is then reported. 
I'lg. 4.7 compares the number of wJufe edis seen per high power field in 
each of 155 urines against the white ccUs excretion rate. It is clear that 
tins tcclinique is only useful when there are more than five cells seen 
per high power field when it can be safdy assumed that there is a high 
urinary excretion of white cells. Wlien there arc less than five cells per 
high pow cr field the excretion rate may be normal or raised. As this 
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technique is more complicated and less reliable than the one in which 
a drop of unspun urine is examined in a counting chamber there is no 
good reason why it should linger. 

It is important to note that there is a misleading relationship 
between the colour of the urine and the concentration of red cells it 
contains. For instance, frank hsematuria, i.e. the macroscopic appear¬ 
ance of red cells in the urine sufficient to cause an acid urine to he 



Fig. 4.7. Urinary white ceU excretion rate compared wth the number of 
cells seen per "high power field” examination of the same urines. The 
horizontal Une is at 400,000 cells per hr; the vertical line is at 6 cells per 
"high power field”. • = urine with highw.b.c. excretion but with less than 
5 cells seen per "high power field”. (Little, Lancet, 1962). 

brown or an alkaline urine to be red, is produced by only 0-2 ml. of 
blood in 500 ml. of urine. 

Many different t37pes of casts may be seen—^blood, granular, hyaline 
waxy and broad—^the most important diagnostically being granular 
and blood casts. All are basically formed by the precipitation of a 
mucoprotein secreted by the tubule into which are imbedded the red 
cells which are leaking through the diseased glomeruli, or the degene¬ 
rated tubule cells which are flaking off the walls of the nephron. 
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Hyaline casts are transparent, wthout any cells attaclied to their 
surfaces; they are of no importance clinically. Blood casts are charac¬ 
terised by a diffuse orangc-yellou colour ivhidi is the hxmoglobm from 
hxmoljsed red cells; these casts tend to break into short stumpy 
rectangular masses \\hich are easily overlooked. Granular casts contain 
either relatively intact red cells or desquamated tubular cells. The 
highly significant fact about blood and red cell granular casts is their 
indication, beyond any shadow of doubt, that the hxmoglobm and red 
cells they contain must have onginatcd from tlie renal parenchjTna 
and not from the lower urinary tract 
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TUBULAR FUNCTION AND 
TESTS OF TUBULAR FUNCTIONAL INTEGRITY 

The functions of the tubule are to reabsorb, or prevent the reabsorp¬ 
tion of the contents of the tubular fluid, and to secrete into the tubular 
lumen substances which are either circulating in the peritubular venous 
capillaries or which are formed by the tubule cell. These processes are 
under the control of a wide variety of hormones, plasma electrolyte 
concentrations and gas pressures. 
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Fig. 5.1. Site of glucose reabsorption. Chart showing differences in glucose 
concentration behveen plcisma and fluid collected with a micropipette from 
various levels of the renal tubules of normal Necturi and frogs. Zero on 
the ordinate represents plasma, figures above and below zero represent 
percentage difierences from plasma. (Walker and Hudson, 1937, Amer. 

J. Physiol.) 

The principal function of the proximal tubule is to reabsorb about 
80 per cent of the total solids and water from the glomerular filtrate. 
The soUds are reabsorbed in unequal proportions so that while proteins 
and glucose, for instance, appear to be almost completely reabsorbed 
(Fig. 5.1), sodium chloride is only partly reabsorbed, and there is little or 
no reabsorption of urea and creatinine. This reabsorption takes place in 
such a way that the fluid in the proximal tubule always remains isotonic 
to arterial blood. The pH. of the fluid, however, may change, and 
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when the unncjs acid the process of aadification begins in the proximal 
tubule (Hg 5 2) The mam function of the loop of Ilcnle is to mahe 
the interstitial fluid m the medulla hyperieme and the tubular fluid 
that emerges from it hypotomc these changes permit Uic concentration 
of the final unne to be modified o^cr a wide range (see below) M a 
result there flow^ into the distal tubule a hypotonic tubular fluid 
containing considerable quaniiti^ of sodium chlondc and waste 
products With a.pH which is much the same as that m the fluid emerpng 
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from the proximal tubule. The pnnapal funebons of the distal and 
collecting tubules are to adjust the pH osmolality and electrolj'te 
content of this fluid and to pment or impede the reabsorption of the 
waste products 

Tlic following tubular functions will be discussed 

1 Water cxcrebon 

(a) Unne conccntnibon 

{&) Unne dilution and water chmination 

2 Hjdrogcn ion excretion 

(а) Bicarbonate exercbon 

(б) Titratable aad and ammonia excretion 
(c) Unne 
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3. Sodium and chloride excretion. 

4. Potassium excretion. 

5. Calcium excretion. 

6. Magnesium excretion. 

7. Phosphate excretion. 

8. Amino-acid excretion. 

9. Uric acid excretion. 

10. Maximal tubular capacity to reabsorb glucose and secrete PAH. 


WATER EXCRETION 

The kidney’s ability to modify the rate of urine flow is largely 
responsible for the constancy of the volume and osmolality of body 
fluids; and the rate of urine flow is mainly determined by the tubule’s 
abflity to control the concentration of the urine. In the following 
account the terms hypertonic, isotonic and hypotonic refer respectively 
to osmolahties which are greater than, equal to, and less than those of 
plasma. Osmolality can be defined as the concentration of particles in 
a solution. The highest urine concentration attainable is about 1,300 
m.osmole/kg. HgO (S.G. 1-040) which is about four times greater than 
the concentration of plasma, approximately 300 m.osmole/kg. H 2 O 
(S.G. 1-008), while the lowest concentration is about 50 m.osmole/kg. 
H 2 O (S.G. 1-001). 

The osmolality of the urine is mainly dependent on two interlocking 
factors, (i) the functional integrity of the loop of Henle, and (ii) the 
concentration of circulating antidiuretic hormone (ADH). The loop of 
Henle produces a hypotonic tubular fluid (Fig. 5.3) and a hypertonic 
interstitial fluid. Fig. 5.4 illustrates how this takes place. The 
ascending thick limb of the loop of Henle which is persistently imperme¬ 
able to water transfers sodium chloride (and perhaps urea) actively 
from its lumen into the interstitial fluid. The tubular fluid within the 
lumen thus becomes hypotonic and the interstitial fluid hypertonic. 
In addition the descending streams of fluid ndthin the thin descending 
loop of Henle, and the capiUary-hke vasa recta (p. 7), both of which 
are in osmotic equilibrium with the interstitial fluid, greatly increase 
this hypertonicity so that it becomes maximal towards the tip of the 
papillge. This effect is most easily understood if it is considered as a 
series of successive steps which tend to trap the sodium chloride in the 
interstitial fluid of the medulla. As the descending isotonic fluid 
(300 m.osmole/kg. H 2 O) first enters the area into which the ascending 
thick limb is pumping out sodium it becomes slightly hypertonic (e.g. 
350 m.osmole/kg. H 2 O). The next step repeats the first. The now 
slightly hypertonic fluid continues downwards, and again more sodium 
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Tic G 3 Site at dilution and concentration ol the nnse In tbe dog Tach 
tnangle or circte rrpmesta the multa obta/ned in a. umpte ot tuMar 
fluid removed by micropunctare Tbesitcotcachmicropunctareurepmcn 
ted along the honzontal axis as a perccnts|;e of the length ot the ptoxtmal 
or distal tubule. The tubalarOiudorunnr/plasmaosinDblntJoistndicatrd 
along tlie sertieal axis. At the honrontal line 1 0 the tubule fluid is 
isostnotic with the plasma, above this bne the fluid or unne is 11)70710010. 
and below the line the fluid or unne is hypotonic. A ™ results in dehydrated 
dogs, O •• results in dogs basing a water dturcsts It can be seen that the 
tubular fluid in the proximal tubule is always isosmotic whereas in the 
distal tubule it is always hypotonic whether the unne is hvper* or hypo¬ 
tonic In the dehydrated animil the osmolality ol the distal fluid is about 
l.'iO m Osm /kg (plasma •> 300 m Osm/kg/H|0) whereas in the dogs 
hsMng a water diuresis it b approx 75 m Osm /Vg /IlgO) (Qspp and 
Robinson. loco. / </m /nrrsf} 

ami chloride is added to it by the ascending thick hmb of the loop of 
Hcnlc. Tlicre is therefore another rise in the osmolality of the fluid, 
but this time from slightly li>'pertonic (350 m osmolc/kg. H 3 O) to 
slightly more hj’pcrtonic (e g. 400 m osmolc/kg H 2 O). Bj’a succession 
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of such steps the osmolality at the tip of the papillae may rise to 1,300 
m.osmole/kg. H 2 O. This phenomenon is known as a counter current 
multiplier. The osmolality of the medullary fluid is always hypertonic 
but the extent of this hypertonicity varies with the osmolality of the 
urine. When the urine is hypotonic it falls to approximately 400 
m.osmole/kg. and when the urine is hypertonic it rises to the same level 
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Fig. 6.4. Mechanism of urine concentration. The diagram illustrates the 
counter-current multiplier of the loop of Henle and the counter-current 
exchanger of the vasa rectae (p. 7). The first is responsible for the 
rise in medullary interstitial fluid osmolality, and the second^ ensures 
that this hyperosmolality is not dissipated by vascular irrigation. 


as that of the urine, i.e. to a maximum of around 1,300 m.osmole/kg. 
(for mechanism see p. 44). 

When the plasma ADH concentration is low, following a drink of 
water or disease of the neuroh 5 Tpophysis, the urine is hypotonic and is 
excreted in large volumes, and when the ADH concentration is raised 
following dehydration the urine is hypertonic and only small amounts 
are excreted. ADH alters the concentration of the urine by changing 
the " permeability ” of the distal and collecting tubule; the presence of 
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1 10 6 6 Mechanism of onae dilution of a nephron dnnne the 

Mfretjon of hypotonic orine 7Ti»ckli«Mwdjcaterrl»U>-eicJrcrjnrabiJif> 
of the tubule wall It is probable that most of the ssccncirg hmb c( 
llenlc and the first part of the distal tubule are alwaj-j relativ-ely inpcr- 
meable whereas the seall of the second part of the distal and the « hole cf 
the colIectinR tubule only become permeaWefn the presence of antn'iuretic 
hormone (do Wardener, 1900, J CRrou Dir) 
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ADH causing the " permeability ” to increase. In this way when ADH 
is absent the " impermeability ” of the distal and collecting tubules is 
intact, the hypotonic fluid which continuously emerges from the loop 
of Henle then remains hypotonic as it travels down, and hypotonic 
urine is excreted. This phenomenon is aided by the simultaneous fall in 
the osmolality of the interstitial fluid which occurs when the concentra¬ 
tion of circulating ADH is low. 

When ADH is present and the " permeability ” of the distal and 
collecting tubule is increased, the hypotonic fluid which emerges from 
the loop of Henle tends to come into osmotic equilibrium with the 
interstitial fluid on the other side of the tubule wall. As the fluid passes 
along the distal tubule therefore, where it is surrounded by the isotonic 
interstitial fluid of the cortex, it becomes less hypotonic and its volume 
is much reduced, but it is stfll hypotonic (150-200 m.osmole/kg.) 
when it leaves the distal tubule (Fig. 5.6). In the collecting duct where 
the interstitial fluid of the medulla is hypertonic this reduced volume of 
moderately hypotonic fluid from the distal tubule becomes hypertonic, 
and hypertonic urine is excreted (Fig. 5.6). 

AU the evidence suggests that the “ permeability ” of the distal and 
collecting tubule also controls the passive reabsorption of urea from the 
tubular fluid and that this in turn influences the concentration of the 
urine. In the absence of ADH, when the urine is hypotonic, the 
reabsorption of urea is at its lowest and the excretion of urea is at its 
highest; whereas in the presence of ADH, when the urine is hyper¬ 
tonic, the movement of urea out of the tubular fluid into the hypertonic 
medullary interstitial fluid is at its highest, and the excretion of urea 
is at its lowest. The counter-current of fluids within the vasa recta 
and loop of Henle tends to trap the urea within the medulla (in the 
same way that it traps the sodium chloride) so that the concentration 
of urea rises towards the tip of the papillae, a mechanism known as a 
counter-current exchanger (Fig. 6.7). This increases the osmolality of 
the medullary interstitial fluid and more water is then reabsorbed from 
the fluid in the collecting ducts. The osmolality of the urine then rises 
by an amount equal to the urea concentration in the medullary inter¬ 
stitial space. It follows that one of the factors responsible for the kid¬ 
ney’s increased capacity to concentrate the urine on a high protein diet 
is the increased excretion of urea that then occurs. 

In addition to its effect on the tubule's permeability to water and 
urea ADH has also been shown to increase the rate of active sodium 
transport in isolated membranes such as frog skin. If ADH has the 
same effect on the ascending limb of the loop of Henle it is possible that 
the increase in the hypertonicity of the medulla, which occurs when 
there is a rise in the concentration of circulating ADH, is due not only to 
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its effect on the tubule’s permeability to urea but also to an increased 
delivery of sodium into the medullary interstitial fluid 

It IS intuitively understandable that the counter-current exchanger 
phenomenon of the %'asa recta is likely to be more efficient at relatn ely 
low rates of blood flow It is interesting therefore that when ADH w 
present and there is a need for as high a medullar^' interstitial fluid 
osmolality as possible, the flow of blood through the vasa recta is 



;n the ptxrximal tubule Tie ttmaining W> fig passes doim iato the loop 
of iUnle where it is joined by Wpg which has come from the collecting 
ducts 100 fig thereiore goes into the distal tubule and collecbrtg duct 
80 fig difluscs out of the coUecti'ig duct into the interstitial space and 
SOfig iscxcrrtediotbetsnne 90^^ oftheSOfi; which diffuses out of the 
collecting duct is removed from the kidney by the vasa recta. (Diagram 
ba^ on findings ol Ullnch el o/ 1963 Amtr J PMinot) 


reduced This is probabfy due to the constnetmg effect on the vasa 
recta of the nse in the interstitial fluid osmobhtj, causetl bj the effect 
of ADH on urea and possibly sodium transport 

Methods Used to Measure the Concentration of the Urine 

It IS customirj* to measure the conccntntion of the unne by its 
speafic gratnty, whicli is an indication of the weight of the solutes in 
solution Tlie kidnej’s capacity to concentrate hontter, is related to 
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the concentration of particles in solution (i.e, the osmolality*) and not 
to their weight. This fact is most easily demonstrated by measuring 
the specific gravity of urine following an intravenous pyelogram when 
values of S.G. l-OGO may be found. Such values are much greater than 
any obtained following dehydration and are due to the excretion of 
large heavy molecules of radio-opaque substance; the particle concen¬ 
tration of such urine is within normal limits. 



Fig. 6.8. Relationship between specific gravity and osmolality of urine. 
Difierent urines are shown as follows: with no sugar or protein (O), with 
sugar (•). with -t- -f + protein (■), after 26 g. urea by mouth 
(X). Lines are also given showing the relationship between specific gravity 
and osmolality of glucose and urea solutions. (Miles and de Wardener, 
1954, Brit. 7ned.J.) 


* The osmolality of a solution is an index of the number of particles it contains in 
1 kg. of water, whereas the osmolarity of a solution is an index of the number of particles 
contained in 1 litre of the solution. In biological fluids the two are very similar. 
Determinations of freezing point and vapour pressure measure osmolality, i.e. m.osmole/ 
kg. HgO. Some years ago some of us failed to appreciate these facts and the term 
osmolarity was used when osmolality was measured. This explains why some of the 
diagrams in these pages, which have t)een taken from earlier papers mention osmolarity 
and m.osmole/1. instead of osmolality and m.osmole/kg. H 2 O. It should be noted that 
in this context the symbol H 2 O is often omitted, and osomolality described as m.osmole/ 
kg. 
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Tlie concentration of particfes, x e the osmolality of a solution, maj 
be calculated from a determination of its freezing point or ^apour 
pressure Tliese techniques ate laboratory procedures, and it is for¬ 
tunate that when unne contains only normal constituents, tlic correla¬ 
tion betueen specific granty and osmolality is sufficiently close for 
specific gravity to be used as a clinical guide to the osmolality of the 
unne Tins relationslnp is iHustrated in Fig C S, ivJnch also shous that 
if unne contains much gluMse the specific gra\’ity wall be greater at a 
fixed osmolality, than in normal unne, and, conversely, if the unne 
contains much urea (a less dense molecule) the specific gravity mil be 
lower 

Clmical hydrometers are convenient but relatively coarse mstru 
ments with which to measure specific gravity, it is important tliereforc 
that they should be used with care In order to check incorrect 
graduations clinical hydrometers should always be tested in water each 
time they arc used, and, to avoid surface tension errors on the stem, 
the hydrometer should be spun and plunged well into the unne 
Detergents should not be used for cleaning unne bottles or specimen 
glasses, for these lower surface tension and increase tbe measured 
specific gravity And the specific gravity should never be measured 
m freshly passed warm unne, for hydrometers arc standardised at a 
temperature of 10* C , for every 3* C above this temperature the 
specific gravity will appear to be 0 001 less than its true value, i e if a 
hydrometer is placed in unne at 37* C and shows a rcadmg of I 013, 
the true specific gravity is I 020 An adjustment is also necessary 
when there is gross proteinuna, 0 001 is subtracted for every 6 g/1 
of protein 

Procedure Used to Test the Tubule’s Ability to Concentrate Urine 

This test can be performed by dcpnving the patient of fluid or by 
giving an injection of vasopressin tannatc m oil Before doing cither, 
tlie specific gravity of a sample of unne passed on waking should be 
measured, for if such a random sample is greater than 1 OIS it is most 
unlikely that the maximum concentration acluev cd by fluid dcpnvation 
or vasopressin administration will be below normal. 

Fluid Deprivation Fluid dcpmalion results m a nSe of plasmi 
osmolality and a simnkage of the extracellular volume, both changes 
wlucli are known to increase antidiurctic hormone production Tlie 
unne becomes concentrated but often docs not approach its maximal 
value for 24-30 hours (Tig 6 9) Tins is rather a long time todchjdratc 
patients and a conv ement clinical compromise is to do the test ov cr a 
period of 24 hours as follows Tlie period starts at 8 a m when tlie 
intake of all fluid, including ice creams, soups and fruit, ceases until 
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8 a.m. of the following day. The concentration of all urine samples 
passed during the last 12 hours of this period is estimated, and one 
of these should equal or be greater than S.G. 1-022. The normal 
range of urine concentration obtained with this procedure varies from 
S.G. 1-022 to S.G. 1-040. The highest figures are rarely seen in persons 
over the age of 20. Occasionally an apparent inability to concentrate 
is due to the test being performed during a diuresis caused by the 
spontaneous (and sometimes induced) excretion of cedema fluid. 



DURATION OF DEHYDRATION (HRS) 

TO ONSET OF FOUR-HOURLV COLLECTION PERIODS 

Fig. 6.9. Th.e efiect of progressive water deprivation on the urine osmolarity in 
13 subjects. The osmolarity is expressed as a percentage of the highest 
osmolarity reached in each subject during 30 hours fluid deprivation. 
Urines were collected between 8 a.m. and 4 a.m. in cases marked with a 
dot, and between 8 p.m. and 4 p.m. in those marked with a cross. (Miles 
and de Wardener, 1954, Brit. med. J.) 


Fluid deprivation is nearly always unpleasant for the patient, and 
occasionally, if a severe negative fluid balance develops because of an 
inability to concentrate, the test may even be dangerous. The test 
should always be terminated if the loss of body weight exceeds 4 per 
cent. For these reasons the test is hardly ever repeated, which greatly 
lowers its value. The test may also be vitiated by the patient’s emo- 
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tional reactions to having his kidncj’s ” tested ” and it maj induce him 
to have an emotional diuresis 

Vasopressin* Tannatc in Oil Huid depnv ation and its discomforts 
and disadvantages can be avoided by givnng instead an injection of 
vasopressm tannate m oil Tlieorctically one might expect the con 
centration of the urme to be the same whichev er method w ere used In 
practice the concentration following vasopressin is slightly less than 
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He 610 OsmoUnt^ olonne after 36-43 boon drpnvation of ttuidcempvcd 
with that following an injection of vasopmsin tannate in oil in C: persons 

i O] healthy peisotvs (X) patients conialeacent from non renal disease 
• ) patients with renal disease Tbedugonal line shows where the points 
would lie it deprivation o{ fluid and vasopressm tannate concentrated the 
urine equally (After de Wardener 1960 Lanetl) 

after fluid deprivation, but for clinical purposes this is not important, 
as the discrepant^ between the two tcchnigues gradually becomes 
smtllcr as the ability to concentrate diminishes (Tig 6 10) 

Tlie test is best performed bj combining a short period of fluid 
depm ation and an injection of vasopressin Fluid deprivation begins 
at C p m , at 8 p m an injection of 6 units of vasopressin tannate in oil 

• Vawpfessm is the name givwi to the aaUAntnUe aahstance obtsiaeif from the 
ncurohypophysis cf animals alter death there Is no oldence that it diftm from 
antidiuret e hormone (ADllJ the lubstanee secreted by the neurohypophysii donne 
I fe ritressm is the name gii-en by numreghs W eJleome to the ^•asopfeM n preparatjon* 
which the) manufacture eg Ihtressla Tannate la od 
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is given subcutaneously and at 10 p.m. the bladder is emptied. Fluid 
deprivation ceases at 10 a.m., or sooner if the patient is distressed by 
thirst. Vasopressin should be used in infants with care, the large 
quantities of milk they normally imbibe can easily cause water intoxi¬ 
cation. 

With this method the highest specific gravity obtained should be 
1-020 or above. The effect of vasopressin tannate in oil only lasts about 
24-48 hours so that the test can be repeated at fairly frequent intervals, 
both to confirm earlier results and to follow the course of a disease. 
Intervals of one week between tests have been found satisfactory. 

The use of vasopressin tannate in oil has one serious disadvantage. 
The vasopressin tannate is mixed with oil and after prolonged standing 
it settles at the bottom of the ampoule where it looks Eke an insigni¬ 
ficant brown discoloration and is easEy overlooked. To avoid its being 
left behind, those actuaUy giving the injection should be aware of this 
fact, and that it is thus often necessary to warm and shake the ampoule 
vigorously before use, and occasionaEy to scrape the sediment with the 
point of a needle. The transfer of the oE and vasopressin from the 
ampoule to the S 5 umge is also made easier by using a large-bore needle. 

Interpretation of the Urine Concentration Test 

In order to understand the result of a concentration test it is 
necessary to keep in mind the three factors which are directly concerned 
in concentrating the urine; they are: 

1. The concentration of circulating antidiuretic hormone (ADH). 

2. The abEity of the tubules to respond to the antidiuretic hormone. 

3. The rate of solute output. 

The concentration of circulating ADH is regulated by both the 
amount of ADH produced by the neurohypophysis and the rate at 
which it is being destroyed at the periphery, particularly in the Ever 
and kidney. As yet there is no evidence of any pathological condition 
in which there is an abnormal rate of ADH destruction; changes in the 
circulating level of ADH are therefore due to alterations in its produc¬ 
tion by the neurohypophysis. A wide variety of factors influences 
neurohypophyseal function including the osmolaEty of the extra- 
ceEular fluid, the blood volmne and certain disease processes involving 
the hypothalamus or the posterior pitmtary. 

The ability of the tubules to respond to ADH depends on the integrity 
of the loop of Henle, the coEecting tubule and the flow of blood 
through the vasa recta. The response may be impaired because of a 
congenital defect or an acquired disturbance; the latter may be rever¬ 
sible. The acquired disturbances which may be reversible initiaUy 
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include fever, unnary tract obstruction (Fig 5 11 ), potassium defi- 
ciencj', hypercalcuna, irater intoxication, hypoadrenalism, and occa¬ 
sionally certain acute phases of some generalised allergic diseases 
In many of these conditions the unne may be persistently hj-potomc 
even during dehydration or the intrasenous administration of laso- 
prcssin, this is particularly characteristic of hj’percalcaimia and 
potassium defiaency Chrome pyelonephritis is also occasionally 
responsible for a state of fixed hypotomaty 



TIME 

Tie C ll Tie eHect of a rabed iatrapelWc prewsre on the alnlity to conces 
tnte Tlie observations were made on a patient with a left sided 
hydronephrosis due to a recent obstruction ol the left ureter The unne 
from the left Iddoey was obtamed through a nephrostomy tube and from 
the right kidney m the usual way The bydronephrotic kidney continual!) 
excreted a strongly hypotonic enne though the high concentralionsof the 
unne from the right kidney indicated that there were adequate concen 
trations of anbdiuretic sutstasces in the clrculaUng blood 


The Rale ojSolute Output If a person is deli} drated for a consider 
able time so that the lc\el of circulating ADH, and tlic concentration 
cl the wirre are lieffh, aud tl at tins ticte sente schstteux iS ilten 
administered which is promptly excreted by the kidney, there is not 
only a prompt increase in solute output, but also a nsc in unne flow 
and a decrease tn tirttie ccncentration Tins phenomenon is called an 
osmotic diuresis and IS illustrated by tliccurteAinFig 5 12 itcanbe 
seen that m these conditions of maximal ADH activaty an osmotic 
diuresis IS assoaated with a fall m unne concentration towards that 
of plasma, but that the unne concentration remains greater linn 
plasma 
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If on another occasion an osmotic diuresis is induced when the level 
of circulating ADH is less than during the experiment just described, 
similar changes in urine flow and concentration will take place, but the 
curve will be at a lower level; i.e. line B in Fig. 6.12. The lower the 
concentration of circulating ADH therefore, the lower the curve until. 



URINE FLOW ml./mia 

Fig. 6.12. Osmotic diuresis in the normal kidney; A was obtained in a normal 
subject during severe dehydration; B in a patient with diabetes insipidus 
during the infusion of minimal quantities of vasopressin and C in the 
same patient when no vasopressin was being given. 


when there is no ADH in the circulation, an osmotic diuresis increases 
the urine flow but there is little or no associated change in the urine 
concentration, for it is already at its lowest (line C). 

The increased rate of urine flow and fall in urine concentration 
during maximal ADH activity (line A) are mainly due to a fall in the 
osmolality of the interstitial fluid in the meduUa. This is probably 
due to (i) an increased rate of flow through the loop of Henle which 
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disturbs the counter-current system (p 42), and (n) the , 

delivery of fluid to the collecting tubule which causes large quantu fiesjjf J 
water to be transferred into the medullary interstitial space Lines 13 
and C, however, are pnncipally due to the increased deU\ery of hypo¬ 
tonic fluid from the loops of Henle mto distal and collectmg ducts the 
permeabihty of which is only partly altered, or unaltered bj ADH. It is 
e\adent that a high solute excretion rate is not compatible with a high 
unne concentration however great the level of circulating ADH The 
most important chmeal example of an osmotic diuresis is that assoaated 
with the glycosuria of diabetes 

If the total solute output remains unchanged but the number of 
nephrons is reduced, the solute excretion rate for the remaining 
nephrons is increased and an osmotic diuresis occurs m each nephron 
This IS the situation that can be produoxl experimentally in animals 
by excising one kidney completely and about CO per cent of the other 
liiough the remaining piece of kidney contains presumably normal 
nephrons such an animal is unable to produce concentrated unne It 
IS likely that similar conditions exist m many forms of renal disca^ 
associated with much parenchjTnatous destruction If the patient is 
eating normally the total solute excretion rate must remain relatively 
unchanged, yet these solutes are being excreted through a considerablj 
reduced number of nephrons. In such orcumstances a diminished 
capacity to concentrate is probably due m part to the osmotic diuresis 
per nephron which must ^ taking place, rather than any particular 
inability of the tubules to respond to arcahtwg ADH 

Procedure to Test the Tubule's Abflity to Produce a DQute Uiine and 

Eliminate a Water Load 

The test is started early m the mormng and is performed in the 
fasting state After emptying the bladder the patient is asked to dnnk 
water (20 ml per Kg body weight) m about 10-20 minutes It is 
inadvisable to ask the patient to dnnk this amount more rapidly, for m 
some cases this will induce nausea and vomiting with the release of 
large quantities of ADH, it is also advnsablc to sis eeten the water with 
fruit }uicc Unne is collected at hourly mtcnuls for four hours and the 
concentration of each specimen and the ciimulatu c total arc measured 
Dunng these four hours a normal person should excrete 76 per cent or 
more of the amount ingested, and tlie concentration of at least one 
speamen should be below SGI 004 

Apart from the nsks of nau<ca and vomiting this test is subject 
to other causes of inaccuracy Tor instmce, smoking may inhibit a 
water diuresis, or emotional mctions may cause cither (i) an 
exuberantly high rate of unne flow unrelated to the patient’s normal 
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Fig. 6.13. The efiect of a water load in an emotional subject. On the first 
occasion only 60 per cent of the amount ingested was excreted in the 
subsequent four hours, but the next time nearly 100 per cent was passed 
in only two and a half hours. 

response to a water load; or (ii) an almost complete inhibition of the 
expected diuresis; an example of both of these is illustrated in Fig. 5.13. 

In addition to renal disease a persistent impairment in the ability 
to excrete a water load can be caused by many other disturbances 
including hydroadrenalism, or an inverted diurnal rhythm. 

CONTROL OF ACID-BASE BALANCE AND URINE ACIDITY 

Plasma hydrogen-ion concentration is maintained close to pH 7-4 
by a variety of mechanisms. The most important are the buffering 
capacity of the cells and the skeleton, and the control of the B.HCOs/ 
H.HCOg buffer system in the plasma (where B = metallic cations, 
i.e. sodium, potassium and calcium). In this system the level of 
carbonic acid is regulated by the excretion of COg by the lungs, and the 
concentration of bicarbonate (mainly in the form of sodium bicarbonate) 
by the kidney’s ability to excrete an acid or alkaline urine and to 
generate bicarbonate. 

On a normal diet and with a normal ventilation the pH of the blood 
can only remain constant if about 40-60 mEq. of hydrogen ions are 
excreted in the urine each day. This represents the net load which 
remains to be disposed of, when metabolism is normal. The kidney s 
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ability to excrete hydrogen ions depends on the tubule’s capaatj to 
secrete both hydrogen and ammonia ions into tlie tubular fluid In the 
unne the hydrogen ions are cither (i) free, or potentially free in asso¬ 
ciation with a bufler or (ii) combined with ammonia in the form of 
ammonium 

The amount of alkaU that must be added to acid unne to return the 
/iH to that of plasma is a measure of the net quantit} of free and 
potentially free hydrogen ions m the unne and is known as the titratablc 
aad The sum of the unnary titmtable aadity and ammonium is a 
measure of the kidneys excretion of hjdrogen ions le itscontnbution 
towards preventmg the internal environment from becoming aad 

Tubular Control of }!}drogcn Too SeenUoa and Bicarbonate Reabsorption 

The secretion of hydrogen ions into the tubular fluid not onl> 
permits the excretion of free liydr<^en ions but is also ncccssarj 
for the reabsorption of sodium bicarbonate and it is responsible for 
generating fresh bicarbonate 

Hydrogen ion secretion from the tubule cell and bicarbonate 
reabsorption from the tubule lumen occur in both the proximal and 
distal tubule and are dependent on the intracellular production of free 
hydrogen ions Tliroughout the nephron this is probablj due pnmanlj 
to the formation of carbonic acid from Uie h>dration of carbon dioxide 
Some of the carbonic aad then dissociates into h>drogcn and bicar 
bonate ions i c 

CO3 - 1 - H3O ^ H3CO3 HCO, 

Tlicse additional hjdrogen ions arc available for transfer into the 
tubular fluid in exchange for the sodium ions which are being acti\clj 
transported from the tubule lumen into the cell Tlie positively 
charged lijdrogcn 10 ns difluse into the tubule lumen not onlj because 
of their higher intracellular concentration (consequent upon their 
continuous mtracclluhr production) but also because of the electneal 
gradient caused bj the simultaneous transfer of the negatu clj charged 
sodium 10 ns from the tubule lumen 

Most of the hjdrogen ions which enter the tubular fluid combine 
with bicarbonate to form carbonic acid which then either difluscs back 
into the cell (Fig C 14) or is dchjdratcd in the tubule lumen to carbon 
dioxide and water when the carbon dioxide then diffuvs back into the 
cell (Fig f 15) Once in the cell the carbonic acid or carbon dioxide arc 
then rculihsed or diflusc into Uie blood Tlie hjdrogen ions which 
remain m the tubule fluid arc flnallj excreted m the unne cither as free 
10 ns or m association with a buffer particularlj phosphate (I ig 5 1C) 



56 


TUBULAR FUNCTION AND INTEGRITY 


or they are combined with ammonia. The transfer of hydrogen ions 
from the tubule cell into the tubule fluid in the distal tubule can con¬ 
tinue in the face of a steep rise in the concentration of hydrogen ions in 
the tubular fluid; the highest concentration which can be sustained is 
about pH 4-3. At this point the further transfer of hydrogen ions 
depends on the supply of buffer or ammonia. 

It is probable that the sodium ions which have entered the proximal 
tubule cells diffuse from the cell into the peri-tubular venous blood, 
whereas those that have entered distal tubule cells are actively secreted 
from the cell into the blood. 
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PROXIMAL TUBULE 
( Pco, dependent) 

Fig. 5.14 Reabsorption of bicarbonate in proximal tubule. 

The intracellular formation and concentration of hydrogen ions in 
the tubule cells and their secretion into the tubule lumen is dependent 
on a variety of factors. In the proximal tubule it appears to be depen¬ 
dent on the ambient carbon dioxide tension (Fig. 6.14), whereas in the 
distal tubule it is independent of the carbon dioxide tension but related 
to the intracellular content of carbonic anhydrase which accelerates the 
hydration of carbon dioxide (Fig. 5.15). In addition, in the distal 
tubule, sodium reabsorption from the lumen of the tubule into the cell 
can cause potassium ions to flow from the cell into the tubule lumen as 
well as, or instead of, hydrogen ions. The relative intracellular concen¬ 
tration of these two ions probably determines in what proportions they 
are excreted in the urine. For instance, the increase in intracellular 
potassium concentration which is produced by the administration of 




BICARBONATE REABSORPTION o7 

potassium chloride diminishes distal tubular secretion of hjdrogen ions 
and mcreases the urinary excretion of potassium As a result less 
bicarbonate is reabsorbed, therefore more js excreted and there is a 
fall in plasma bicarbonate Alternatively, if the cellular production of 
hj drogen ions m the distal tubule is inbibitcd bj the administration of a 
carbonic anhjdrase inhibitor such as aceta 2 oleam:de (Diamox) the 
reabsorption of sodium m the distal tubule vviU again be assoaated with 
a nse in potassium excretion and a diminubon of h> drogen ion excre¬ 
tion On this occasion, however, the increased potassium excretion is 
due to a decrease of intracellular hydrogen ton concentration and not to 
an increase in potassium concentration 
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Tic Q 15 Rubsorption of bicubooatc in distal tubule 


Bicarbonate reabsorption, like that of phosphate and sodium 
reabsorption, is closcI> related to glomerular filtration rate In other 
words, dianges m glomerular filtration of bicarbonate arc accompanied 
b) almost etjual change m tubular reabsorption of bicarbonate with the 
rusult that the cliangc in fiUrition produces little if any change in 
bicarbonate excretion It is probable that the mechanism responsible 
for this automatic adjustment is related to a change in the size of the 
tubule (p 70) It IS important that this phenomenon be remembered 
when stud>ing the cfTcct of vanous stimuli on tubular reabsorption if 
such stimuli also produce clnngcs in glomcnihr filtntion rate ft is for 
this reason that in sucli studies cJiangcsm bicarbomte (and phexphate) 
reabsorption arc related to a constant glomerular filtration (I igs 5 IS 
and 6 24) 
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Other Mechanisms Involved in the Control of Bicarbonate Excretion 

It is clear from the above that one of the main factors which 
influences bicarbonate excretion is the secretion of hydrogen ions into 
the tubule lumen. When a sufficient quantity is secreted into the tubule 
lumen aU the filtered bicarbonate can be reabsorbed—^if less hydrogen 
ions are secreted some of the filtered bicarbonate will not be reabsorbed 
and will therefore be excreted. It has also been pointed out that two of 
the factors which influence this tubular secretion of hydrogen ions 
are variations in PcOg and body stores of potassium. The secretion of 
hydrogen ions and therefore the reabsorption and excretion of bicar¬ 
bonate are also influenced by: 

1. Variations in the secretion of adrenal cortical hormones. 

2. Variations in plasma calcium concentration. 

3. Variations in plasma chloride concentration. 

In addition bicarbonate reabsorption is also determined by; 

4. The integrity of the counter-current system in the meduUa. 

Insufficiency of adrenal cortical hormones leads to a metabolic 
acidosis and an excess to a metabolic alkalosis. The mechanisms are not 
clear. Perhaps a diminution or an excessive sodium reabsorption has a 
parallel effect on the secretion of hydrogen ions. Hypercalcsemia 
probably causes a rise in urinary hydrogen ion excretion by stimulating 
carbonic anhydrase activity. 

Plasma chloride concentration affects the secretion of hydrogen ions 
and therefore bicarbonate excretion in the foUowtng way: Let us assume 
that the plasma chloride concentration is low but that of plasma sodium 
is normal, and that the tubule attempts to reabsorb nearly all the sodium 
in the normal way. It has been pointed out earlier that the reabsorption 
of the positively charged sodium ions from the tubule lumen causes a 
rise in the electrical potential difference between the cell and the lumen 
of the tubule; the cell tending to become increasingly positive and 
the lumen increasingly negative. This potential gradient causes the 
negatively charged chloride ions to diffuse from the tubule lumen into 
the cell and the positively charged hydrogen ions to diffuse from the 
cell into the lumen. If the supply of chloride ions to the tubule lumen 
falls because of a fall in plasma chloride and if at the same time sodium 
reabsorption remains normal, it is clear that even if all the chloride ions 
diffuse back into the tubule cell, the steepness of the potential gradient 
will remain higher than when the supply of chloride is normal. It is 
then inevitable that the passive flux of hydrogen ions from the tubule 
cell into the tubule lumen will increase and thus enhance bicarbonate 
reabsorption. 



ACIDOSIS 


GO 

Tlie Pcoa of an alkaline unnc excreted bj a normal person maj be 
around 100 mm Hg The kidnej’s abiUtj' to excrete a unne wtli such 
a high PcOa is due to counter-current systems in the medulla whidi 
trap the carbon dioxide (p 42) Tins phenomenon permits the 
simultaneous presence m the unne of very high concentrations of 
bicarbonate and thus increases the kidney s capaaty to excrete large 
amounts of bicarbonate 

Procedure Used to Detect the Presence of an Abnormal 
Handling of Bicarbonate by the Kidneys 
This IS done by estimating the tubules maximal capacity to reabsorb 
bicarbonate (Tm HCO, see p 79) The patient should not be taking 
diuretics and should be emotionally at rest to avoid liy'pervcntilation 
An intrav enous infusion of sodium bicarbonateis given so as to raise the 
plasma bicarbonate to approximately 2ft-30 mCq fl As bicarbonate 
reabsorptien is rebted to glomcnilar filtration the maximal rale of 
bicarbonate reabsorption is then adjusted to a standard quantity of 
glomerular filtrate, it is usual to adjust to one litre of filtrate 

Tlie normal maximal rate of bicarbonate reabsorption is 20 to 29 
mEq fl of glomerular filtrate It is reduced in renal failure, certain 
selective tububr disturbances and m some patients with essential 
hypertension without overt evidence of other renil functional abnor 
mahties, it is also lowered when hyperventilation lowers PcOj, on the 
other hand, it is raised in respiratory failure with a raised Pcoj in 
vomitmg with hydrochloric acid loss, m potassium defiaency* and 
hyperadrenahsm 

Tlie plasma bicarbonate tends to be low when the ability to reabsorb 
bicarbonate is reduced and raised when the ability to rcab'«rb bicir 
bonate is raised 


Acidosis 

In diromc respiratory acidosis (e g emphysema) the nse in Pco^ 
causes an increase in the concentration of hy drogen ions both in the 
plasma and the cells, including the tubule cells This in turn in 
creases the tububr secretion of hydrogen ions from the cells into the 
tubule lumen and thus causes a nse m both the unnaiy excretion of 
hydrogen ions and an increased intracdlulargeneration of bicarbonate 
Tlie increased secretion of hydrogen ions into the tubule lumen ensures 
that all the filtered bicarbonate js rcib«orbcd, m addition, however, 
<omc of the extra bicarbonate generated m the tubule cell also diffuses 
into the blood Tlie combination of total bicarbonate reabsorption, 
mtracclluhr bicarlxmate generation with diffusion into the plasma, and 
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increased urinary hydrogen ion excretion causes a rise in plasma bicar¬ 
bonate. The ability to reabsorb all the filtered bicarbonate increases in 
parallel with the rise in PcOa and remains complete with PcOs tensions 
of 80 mm.Hg. and above. The generation of extra bicarbonate and 
urinary excretion of hydrogen ions, however, are only sufficient to 
compensate for a rise of PcOg up to 60 mm.Hg. This can be seen in 
Fig. 6.17 where up to a rise in PCO 2 of 60 mm.Hg. the accompanying 
rise in bicarbonate is sufficient to prevent a major change in plasma ^H. 
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Fig. 6.16 Secretion of hydrogen ions in the distal tubule, and bicarbonate re¬ 
absorption and generation. Note that the excretion of titratable acid 
is chiefly in the form of acid phosphate, and that the formation of this 
salt is accompanied by the generation of fresh bicarbonate ions. 


Above a PcOg of 60 mm.Hg. the urine remains free of bicarbonate but 
the rise in plasma bicarbonate is minimal and there is a sharp fall in 
plasma pR. The inadequacy of the urinary hydrogen ion excretion is 
particularly striking and is due to an impaired production of ammonia. 
It is probable that this impairment is due directly to the poisonous 
effect of the rise in PCO 2 on the tubule cell’s capacity to form ammonia. 
In metabolic acidosis the ammonia production is much higher. The 
sustained rise in bicarbonate reabsoiption is necessarily associated with 
a sustained diminution in chloride reabsorption. It results in a severe 
chloride loss and a low plasma chloride. 
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In a metabolic acidosis (e g diabetic ketosis or ammonium chlondc 
administration) there is also an increased concentration of hydrogen 
ions in the plasma but because of the accompan>^ng hj'per^ cntilation 
the carbon dioxide tension is reduced Nevertheless the tubules again 
increase the secretion of hjdrogcn ions and the reabsorption of 
bicarbonate It appears therefore that in a metabolic acidosis tl c 
inhibitory effect of the reduced carbon dioxide tension on the intn 
cellular production of hj drogen ions is svvximpcd by the persistent rise 
in extracellular fluid lijdrogen ion concentration In normal man when 


HCO] 



11C 5 17 He reUt on o( ortrrul TcOj fll and t caibooite in *10 jubrnts 
u thputmonor) insuCTaenc) brcaitungair (Rebum 1001 Clin. ScL) 


the plasma bicarbonate concentration falls below 25 mEq /I the unnarv 
excretion of bicarbonate rapidlj diminishes (Eig 6 1C) In the meta 
bohe acidosis assoaated With renal disease however this compensatory 
mechanism ma> break down and m some patients bicarbonate excretion 
maj continue down to plasma 6icar6onafe /eve& oi*a6out iVm£q /f 
The maximum acidity which the tubule can sustam is approximately 
4 G which limits the kidneys ability to excrete large quantities 
of free hydrogen ions unless tlic unnatj content of phosphate buffer is 
raised or tl ere arc large v olumcs of unne as m diabetic ketosis 

Tl e kidney s capacilv to deal vvitli a metabolic acidosis is entirely 
dependent on tubular function ic the tubules ability to excrete 
hy drogen ions and ammonia 
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PLASMA HCOJ’CONC. 

Fig. 5.18. Bicarbonate reabsorption in the dog. The effect of acute increases in 
PCO 2 during the progressive elevation of plasma bicarbonate by the intra¬ 
venous infusion of NaHCOg. The lower line = values obtained at normal 
PCO 2 between 35 and 46 mm.Hg. The upper curved line = values 
obtained when the PCO 2 was between 80 and 110 mm.Hg. It can be seen 
that the bicarbonate reabsorption is greater when the PCO 2 is raised. 
It is clear that at both concentrations of PCO 2 the capacity to reabsorb 
bicarbonate flattens out, but at different values, each of which is called a 
bicarbonate Tm. (Schwartz, Falbriard and Lemieux, 1959, J. cUn. Invest.) 


Alkalosis 

When there is a respiratory alkalosis (e.g. voluntary hyperventi¬ 
lation, left heart failure, or excessive artificial ventilation as in severe 
poliomyelitis) there is a faU both in the plasma hydrogen ion con¬ 
centration and the carbon dioxide tension. Both these factors will 
decrease the availability of the hydrogen ions in the tubule cell so 
that less hydrogen ions are excreted and bicarbonate reabsorption is 
decreased; the plasma will therefore tend to become less alkahne. In an 
acute respiratory alkalosis a simultaneous increase in the excretion of 
sodium and potassium can also be demonstrated. 

In a metabolic alkalosis (e.g. sodium bicarbonate administration) 
there is also a fall in hydrogen ion concentration but, because of the 
accompanjdng hypoventilation, there is a rise in the carbon dioxide 
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tension, TIic rise in carbon dioxide tension docs cause a slight increase 
in bicarbonate reabsorption but, when Uic plasma bicarbonate con¬ 
centration rises above 27 mEq /!., bicarbonate rcabsorption does not 
increase furtlicr and urinary excretion of bicarbonate then equals tlic 
increasing quantities winch are filtered; if the glomerular filtration rale 
is normal this spill over prevents the concentration of plasma bicar¬ 
bonate from rising steeply. In contrast to metabolic acidosis therefore, 
which is controlled entirely by tubular mediamsms, the ability of the 
kidneys to control a metabolic alkalosis is mainly related to the 
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Tio 5 10 Site o( ftmmotiia production in the rat nephron (Glabman, Klov 
end Ciebiseb, r9C3 .imrr J.J'kytto)) 

glomerlar filtration rate. But tubular function is also involved for \'cr^’ 
large quantities of bicarbonate can only be excreted if (he countcr- 
cuiTcnt s>*stem in the medulla is sulTiacntly intact to maintain a high 
I’CO, (p. 42). 

Ammonia Excretion 

Ammonia (NHj) is formed in the tubule cells throughout the whole 
length of the nephron, mth the exception of the thin part of the loop of 
llcnle (Fig. G.IO). Ammonia is a base with no clectrit^ charge whidi is 
highly soluble in lipids, /or thb reason it difliises easily across cell 
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membranes. When ammonia combines with a hydrogen ion, however, 
and becomes ammonium (NH 4 +) it is charged, has a low lipid solubility 
and only diffuses across cell membranes with some difficulty. The 
ammonia formed within the tubule cells diffuses passively from the cells 
into the tubular lumen on the one side of the cell and the peritubular 
venous capillaries on the other. When the ammonia in the tubule 
fluid combines with a hydrogen ion and forms an ammonium ion it is 
trapped within the lumen and most of it remains there to be excreted 
in the urine. The formation of ammonium in the tubule lumen dimini¬ 
shes the intraluminal concentration of ammonia so that the diffusion of 
ammonia from the cell to the tubule lumen down a concentration 
gradient continues. On the other hand, if the secretion of hydrogen 
ions from the cell into the tubule lumen is diminished the formation of 
ammonium wfll be less and the intraluminal concentration of ammonia 
will rise; this in turn will reduce the rate of diffusion of ammonia from 
the cell to the lumen. 

Ammonia is formed within tubule cells mainly from the action of 
glutaminase on glutamine, though other amino acids are also involved. 
This process is depressed by accummulation of intracellular ammonia 
and accelerated when the concentration falls; conversely, it is accelerated 
in potassium deficiency, perhaps because of the intracellular acidosis 
that then occurs which probably reduces the concentration of free 
ammonia. It is important to remember that free ammonia diffuses both 
into the tubule lumen and into the peritubular venous capillaries and 
that the amount that diffuses into the blood is therefore inversely 
proportional to that which is secreted into the urine. ChnicaUy this is 
particularly relevant in patients with liver failure who develop oliguria 
or anuria. 

Urinary ammonium excreted is inversely related to the of the 
urine and almost ceases when the urine becomes alkaline (Fig. 5.20). 
The increase in ammonium excretion, which occurs as the urine falls, 
is due in part to the increased formation of ammonia in the tubule cell 
mentioned above and due to the depletion of intracellular ammonia. 
But if the urine continues to be acid the amount of ammonium excreted 
continues to rise after the pH has reached its minimum; this may be 
due to an increasing concentration of glutaminase in the tubule cells. 

In normal circumstances the daily excretion of ammonium and free 
hydrogen ions is approximately the same (i.e. 20-30 mEq. of each). 
When there is a need for an increased excretion of both (as in diabetic 
ketosis) the increase in ammonium greatly exceeds that of free hydrogen 
ions. Ammonium excretion may reach 400 mEq./day whereas the 
simultaneous excretion of free hydrogen ions will only be 70-100 mEq./ 
day. These are very high excretion rates and are rarely seen except in 
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prolonged diabetic ketosis Tlie response of a normal person to large 
quantities of ammonium chlonde is illustrated m Tig C 20 It can be 
seen that after a delay of fi\e days the ammonium excretion is about 
three times greater than that of free hydrogen ions 

Procedure Used to Estimate the Tubule's Ability to Excrete an Aad Urine 
and to Excrete Hydrogen Ions and Ammonia 


The tubule’s capaaty to excrete hydrogen ions and ammonia is 
estimated by measuring its response to the oral administration of 



Tic 6 20 Hetation lietwwn Ihc excretion ot amtnnntum an l unnarj />H in 
nomul subjects a tew hours alter the oral inijestion of a sincle ilosc of 
ammonium cblonde ( short test ) The calculaleil regn-ts on line and 
05 per cent range cl ohservaUDns arc sJiwn (Wrung and Davin 1030 
Quart J Med) 

ainmomum chlonde Tlic ammonium chlonde molecule is mctabohvxl 
to urea and HCl Tlic addition of these hydrogen ions into the extra¬ 
cellular fluid tends to make it aadobc, and in order to compensate for 
this tendency the kidney excretes increased quantities of hy drogen ions 
both as titratablo acid and as ammonium and the unne becomes more 
acid If the patient is sctcrcly aadotic tbc administration of ammo¬ 
nium chlonde is unnecessary Ammonium clilondc is gn cn cither as a 
single dose in the morning, the unne being studied within the next 
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eight hours; or it is adminstered in divided doses each day for five 
days when each daily collection of urine is studied, particularly that 
obtained on the fifth day. 

The Short Test. After two control collections of urine of about 
1-2 hours duration the patient is given 0-1 g. (1-9 mEq.) of ammonium 
chloride per kg. body weight orally at about 10 a.m.; in a patient of 
average size this is about 7 g. In order to avoid gastric irritation this 
amount is given over an hour, in gelatin capsules of 0-5 to 1-0 g, 
together with a litre of water (enteric coated tablets are not used for 
they often appear intact in the stools). Venous blood is taken before 
and 2-4 hours after the administration of ammonium chloride. The 



DAYS 

Fig. 6.21. The effect of 140 mEq./day of ammonium chloride by mouth on the 
urinary excretion of sodium, hydrogen and ammonium in a normal subject. 


urine may be collected at hourly intervals, but as the changes are 
maximal and relatively constant after the fifth hour a single urine 
collection taken between 3 and 5 p.m. wiU usually suffice. The urine 
pH should fall below 5-3, and hydrogen ion excretion (i.e. combined 
titratable acidity and ammonium) should rise above 60 /xEq./min.; the 
titratable acid excretion should be greater than 25 /xEq./min. and 
ammonium excretion greater than 35 ^Eq./min. 

The Long Test. Following two to three days control observations 
7-5 g. (140 mEq.) of ammonium chloride is given by mouth in divided 
doses each day for five days. The maximum titratable acidity is reached 
in three to four days, whereas ammonium excretion takes four to five 
days to reach its peak. The chloride ions of the ammonium chloride 
are also eliminated through the kidney; at first these are excreted 
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wth almost equal quantities of sodium, but after tuo to three da 5 *s the 
initial increase m sodium excretion subsides (Fig 5 21) At the end 
of four to five daj's the unne^H should Ime fallen below 5 0 and the 
daily Combined excretion of ammonium and titratable acid should 
nsc above control\alue5 by about 120mEq/day If the renal response 
IS normal, plasma bicarbonate and chlonde concentrations should not 
alter by more than C mEq fl 

The ability to reduce the of the unne is alK'a 5 'S impaired in renal 
tubular acidosis (p 21C) and potassium deficiency (p 10'^), it is somo- 
timts impaired m hypcrcalcuna, while it appears superficially normal in 
the clironic renal failure which accompanies loss of nephrons (p IGh) 
The ability to excrete titratable aad normallj is depressed in renal 
tubular acidosis, potassium defiaenc}, hypcrcalcuna and chronic 
renal failure As ammonium excretion is related to the pH of the unne 
the value obtained m these tests must be considered m relation to the 

of the unne The normal relationship is illustralcd in Hg 5 20 
It can only be claimed that the capaaty to excrete ammonium is 
depressed if it is lower than a normal person s capabilities at the same 
unne According to these entena ammonia excretion is depressed 
in chronic renal failure and m some cases of hypcrcalcuna, it is normal 
>n most cases of renal tubular aadosts and some cases of potassium 
deficiency, and U is raised in most cases of potassium deficiency and 
some cases of renal tubular aadosts 

SODIU?I EXCRETION 

Sodium is the pnncipal sohd constituent of the extracellular fluid, 
the volume and osmolality of winch are cIosel> related to the amount 
of sodium it contains In man, except for acute changes, there is o\ cr- 
whelming cvxdence that sodium excretion is unrelated to the mte of 
glomerular filtration, for patients with chronic renal failure keep in 
sodium cquihbnum though thej liaxe extremely low glomerular 
filtration rates Vanations in so^um excretion are therefore related 
to changes m tubular rcabsorplion It is gencrailj considered that 
approximately 80 per cent of the sodium that is filtered is reabsorbed 
together with chfonde anrf fiicarfionafc m tfie pnmma? ArbtnV 

There is now good eMdcnce that the sodium ion is acti\ely re¬ 
absorbed This mechanism is closely related to the tubular secretion of 
hydrogen ions and potassium, particularly m the distal tubule and 
collecting tubule For instance, under conditions of intense <<Klium 
reabsorption the administration of sodium sulphate causes a prcapilate 
fall in unne and a nse in titratable aad excretion, together with a 
nsc m potassium excretion This is due to the n^tncl> charged 
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sodium ions being actively reabsorbed from the tubular lumen while 
the positively charged sulphate ions remain behind owing to their 
poor penetrative qualities. The electrical gradient which results is then 
responsible for a passive movement of hydrogen and potassium ions 
from the tubule cells into the tubule lumen. Such an intravenous 
infusion of sodium sulphate during sodium deprivation is a highly 
abnormal situation, but the urinary changes which it induces probably 
reflects the normal pattern of events, i.e. an active reabsorption of 
sodium from the tubule lumen into the tubule cell sets up a potential 
gradient along which chloride ions travel into the cell while hydrogen 
and potassium ions move in the opposite direction from the cell into 
the tubule fluid. 

The biochemical mechanisms involved in sodium reabsoiption are 
largely unknown but they appear to be related to those of calcium 
reabsorption. In acute experiments the excretion of these two' ions 
nearly always changes in the same direction. 

Some of the known factors which influence the tubular reabsorption 
of sodium include the action of various known hormones, the arterial 
pressure, an osmotic diuresis, the diameter of the tubule lumen, and 
the renal nerves. It is very probable also that other, as yet unidentified, 
hormones also play an important part, particularly in relation to blood 
volume changes. 

The steroids, progesterone, testosterone, cortisone and especially 
aldosterone, increase tubular reabsorption of sodium, so do adrenaline 
and noradrenaline; at the moment the action of angiotensin is ill- 
defined but it probably also causes an increase in sodium reabsorption. 
The presence of cortisone is necessary for the changes in sodium excre¬ 
tion which take place as a result of acute changes in blood volume (see 
below); but cortisone itself is not the substance which is directly 
responsible for the alterations in tubular function which occur. This 
phenomenon which is sometimes called the ” permissive ” action of 
cortisone is not confined to tubular function. 

In an acute experiment where an isolated kidney in a warm saline 
bath is being perfused by blood from an intact animal, a sudden change 
in the perfusion pressure to that kidney will produce a parallel change 
in its sodium excretion. Alternatively, if the perfusion pressure is kept 
constant and the animal perfusing the kidney is given an infusion of 
saline the increase in sodium excretion from the perfused kidney is 
directly proportional to the perfusion pressure. In other words, with a 
constant perfusion pressure of 100 mm.Hg. the rise in sodium excretion 
is minimal, whereas when it is 200 mm.Hg. the rise in sodium excretion 
is very large (Fig. 5.22). A similar pattern occurs in patients with a high 
blood pressure in whom an intravenous infusion of saline produces a 
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much greater nsc m sodium excretion than ^vhen it is gii cn to a person 
uith a normal blood pressure The mechamsms in\ohed in this 
phenomenon are not dear they are not related to changes in glomerular 
filtration rate It is possible that they are m part due to changes m 
tubular diameter (see belou) caused by changes m pcntubular capillary 
pressure 
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Fio B 22 The nse in wdjum weretion which occur* In »n iwlatcd ki Incv 
dunne the aclcninulntlon of a standard infusion of saline to the an mal 
porlus ng the kidoe) The nsc in sod um cicrcuon ts greater at the h ghcr 
jierius on pressures (McDonald and dc Waidener) 

An osmotic diuresis is ahvaj's assoaated \nlh an increase in sodium 
excretion This can sometimes be of great clinical importance c g m 
diabetes 

Tlic t\to most interesting recent advances m trjung to understand 
those mcdnnjsms nhich control sodium irabsorption ha\c been the 
rex elation that, m general the dnmctcrof the tubule is ilircctlj related 
to sodium reab«orption, and tint an acute expansion of the blood 
X olumc probably inhibits sothum reabsorption bj a change in the con¬ 
centration of some arcubtmg substance other thin a salt retaining 
steroid Telcologicall> the first is admirable md it exphins the repeti¬ 
tious finding that acute cliangcs m glomeruLir filtration haxc little if 
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any effect on sodium excretion. It is probable that a sudden rise in 
glomerular filtration rate causes a sudden increase in the diameter of 
the proximal tubule and that this distension causes an immediate 
increase in sodium reabsorption (Fig. 5.23), and vice versa. Alterna¬ 
tively, changes in tubular diameter can be produced by changes in 
peritubular venous capillary pressure. It is not understood how a 
change in tubular diameter affects sodium reabsorption. Nevertheless, 



is filtered when the glomerular filtration rate rises, the amount of sodium 
reabsorbed by the proximal tubule also rises and the amount of sodium 
which emerges from the proximal tubule is unchanged. (Diagram based 
on findings of Rector, Brunner and Seldin 1966, J. din. Invest, and Gertz, 
1966, Pflug. Arch. Ges. Physiol.) 

it is probable that the effective mechanism is closely related to the 
transtubular pressure gradient across the tubule wall rather than the 
actual diameter of the tubule. 

Prolonged changes in blood volume influence the secretion of 
aldosterone and thus sodium excretion by a mechanism which is 
discussed in section 110. Acute changes in blood volume, however, 
influence sodium reabsorption by some hormonal mechanism other 
than that of changing the concentration of circulating aldosterone. 
The nature of this other hormone is not known; there is a suggestion 
that it may come from the brain. 
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In acute expenments the renal nerves can be shown to influence 
sodium excretion Nevertheless, patients vs ho rely on transplanted 
kidneys for survival are m sodium balance, it is unlikely therefore that 
renal nerves play an important part m the control of sodium meta- 
bohsm 

Procedure Used to Test the Tubules Ability to Control Sodium Excretion 

The efficiency of the tubules’ ability to control sodium excretion 
can be tested either by increasing or decreasmg the intake of sodium 
An excess of sodium, however, is rarely given, for an mability to excrete 
a sodium load is more frequently due to extrarcnal influences stimu¬ 
lating the tubules to retain sodium (i e cardiac failure, liver failure, etc) 
than to renal disease itself The dangers which follow an inabthtj to 
excrete a sodium load may also be more sudden m onset, dangerous, and 
difficult to treat than those which may accompany sodium defiaenej 

Reduang the intake of sodium is a more specific test of intrinsic 
tubular abnormality The patient is pbced on a normal ward diet 
containing about 100 mEq of sodium per day, and the dafly unnarj 
sodium excretion is estimated for a control penod during whicli it 
should (in the absence of diarrhcea or much sw eating) be approximate!) 
15 mEq /day less than the intake (to allow for loss m sweat and f»ccs) 
The dietary intake of salt ts then reduced to about 10 rnCq/day, 
which IS the content of the average hospital *’ salt-free ’* diet ^\lthln 
7-10 da 5 's unnary sodium excretion should also be dowm to 20 mEq 
per day 

The kidney’s response to a low salt diet depends not onlj on 
tubular function but also on the many mechanisms which influence the 
tubule to retain salt A more direct test of tubular abihty to control 
salt excretion is obtamed by keeping the patient on a normal diet 
and giving 2 mg of 0 o-fluoroh>drocortisonc twice a day for two or 
three days when the unnary excretion of sodium should fall below 
10 mEq /day. 

Apart from Addison's disease and severe gljcosuna. an inabihtj to 
conserv e sodium is seen occasionally in clironic renal failure, particularlj 
With chronic p) elonephntis (p 169), it also occurs sometimes dunrg 
the diuretic phase of acute renal failure, and v ciy rarely as a result of a 
pnmary disturbance of tubular function (Renal Tubular Acidosis, 
p 210) In contrast, in chronic renal failure there may sometimes be 
an impaired abihty to excrete a high intake of sodium 

CHLORIDE EXCRETIOV 

It has already been pointed out (p 6S) that the actmty of tlie 
sodium pump m transporting sodium ions out of the lumen of the tubule 
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causes an electrical potential gradient between the cell and the lumen; 
the lumen being negatively charged and the cell positively. It is 
probable that this is sufficient to account for the reabsorption of 
chloride from the tubule lumen which accompanies sodium reabsorption, 
the chloride ion diffusing passively down the potential gradient from 
the lumen into the tubule cell. Under exceptional experimental condi¬ 
tions, however, it can be shown that active processes for the reabsorp¬ 
tion of chloride also exist. The importance of these active mechanisms 
in the differential absorption of chloride ions, as opposed to bicarbonate 
ions, which occurs in those conditions where there is a reciprocal 
change in the plasma concentration of these two ions, is not known. 

POTASSIUM EXCRETION 

Potassium is the principal intracellular cation. It should be 
remembered that in this respect the cells of the tubule are the same as 
other cells. 

It has been shown both by direct tubular puncture and by indirect 
experiments, that the potassium that is filtered at the glomerulus 
is probably aU reabsorbed in the proximal tubule, and that the amount 
which eventually appears in the urine is actively secreted by the 
distal tubule. As with sodium, therefore, glomerular filtration rate is 
unrelated to potassium excretion; a point of the greatest importance 
to patients suffering from most forms of chronic renal disease and in 
whom glomerular filtration rate is severely impaired. 

There is evidence that some of the mechanisms responsible for 
potassium secretion are also related to the distal tubular reabsorption 
of sodium and secretion of hydrogen ions (see above). When sodium 
is reabsorbed from the distal tubular lumen it is exchanged for hydrogen 
or potassium ions secreted from the tubule ceU. The rates of secretion 
of these two ions are influenced by many factors and have an inverse 
relationship. One of these factors is the relative concentration of each 
ion in the tubule ceU, i.e. when the supply of intracellular hydrogen 
ions increases or the concentration of potassium ions diminishes, 
potassium secretion decreases. Another is the amount of sodium 
reaching the distal tubule for. reabsorption. For instance, in chronic 
renal failure sodium and potassium " leaks "may occur together. It is 
possible that this is due to an impaired sodium reabsorption in the 
proximal tubule so that more sodium goes into the distal tubule. The 
increased reabsorption of sodium in the distal tubule which then takes 
place causes an excessive amount of potassium to be transferred from 
the cell into the tubular fluid. 

Many abnormal conditions are accompanied by a temporary 
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increase in potassium excretion Sometimes it occurs m rehtion to a 
nse m plasma potassium caused b> a shift of potassium from tlie 
intracellular to the extracellular space 

Procedure Used to Test the Tubules Ability to Control Potassium Excretion 

Unlike sodium where the serum concentration tends to remain 
unclianged or /all with sodmm retention serum potassium nses with 
potassium retention This makes the testing of the kidney s abJitj to 
deal with an increased potassium load a potentially dangerous pro¬ 
cedure and it IS therefore neser attempted Unnary excretion is the 
main route of potassium cUmtnation and if the scrum potassium is 
found to be persistently raised it is clear that there is a tubular defect 
of potassium excretion 

To show that there is a potassium deficit and that it is due to excess 
unnary loss is more difficult Except when serum potassium is below 
3 mEq/1 a low concentration is uncertain evidence of potassium 
deficiency, though it is more bkely if there is a concomitant nse m 
serum bicarbonate {p 68) If potassium depletion is suspected or 
evident and there is no obvious diminished mtake or leak from the 
intestinal tract it is almost certain that it is due to abnormal loss m the 
unne This is confirmed by mcasunng the oral intake of potassium 
and its output in the unne 

The patient is placed on a normal diet containing 80-100 mEq of 
potassium per day and the daily unnary potassium excretion is 
measured /or a control penod dunng which it should be 10-20 mLq 
Jess than the intake (this amount is climmated in the ivccs) If iJie 
unnary excretion is greater than tlie intake particularly when the 
plasma potassium concentration is low there is unequivocal evidence 
of a unnary leak of potassium The following relationship between 
the lower concentrations of plasma potassium and the unnary excretion 
of potassium when the patient is eating a normal ward diet is a reliable 
substitute for a balance study \\'hcn there is a renal leak of potassium 
and the plasma concentration of potassium has fallen to 3 mCq /I or 
lower the unnary excretion of potassium is greater than 20 mEq/ 
24 hours whereas if the potassium dcfiacncy is due to some other 
cause (sucli as diarrhcci) the urmaij excretion of potassium at these 
lov> plasma potassium conccntrationswillbelcsa than 20 mEq /Jthours 
Tins distinction will usually persist even when potassium dcfiacncy 
has caused severe renal functional impairment After •^me years 
however the potassium deficiency itself afl^ects the kidney s ability to 
retain potassium 

If the findings on a normal diet arc withm normal limits and yet i 
unnary leak of potassium seems very likely tl e patient is placed on a 
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low potassium diet, since in some instances the tubular abnormality may 
only become apparent when the potassium intake is reduced. On a 
diet containing 25-30 mEq./day of potassium the urinary excretion of 
potassium should fall to 25-30 mEq./day within four to seven days. 

An excessive urinary loss of potassium can be caused by renal 
tubular acidosis, aldosteronism, Cushing’s disease, and the prolonged 
administration of steroids or certain diuretics (e.g. chlorothiazide). It 
is probable that it is rarely, if ever, due to an acquired renal disease. 


CALCIUM EXCRETION 

Calcium reabsorption from the glomerular filtrate normally occurs 
in the proximal tubule. When the serum calcium rises, however, and 
there is an increased amount of calcium filtered, evidence of calcium 
reabsorption can also be obtained in the distal and collecting tubules. 
The initial functional disturbances associated with hypercalcuria are 
an impairment in the ability to concentrate and to acidify the urine. 

Urinary calcium excretion rises and falls with the concentration of 
filtrable plasma calcium and to a minor extent with changes in glomer¬ 
ular filtration rate. Parath 3 Toid hormone decreases calcium clearance, 
increases calcium absorption from the bowel, and liberates calcium 
from bone; these mechanisms tend to raise the plasma calcium, but 
the net effect is an increase in calcium excretion. It is doubtful if a 
high urinary excretion of calcium is ever due to a primary disturbance 
of tubular function. It is usually due either to a raised plasma calcium 
or increased parathormone activity such as a parathyroid tumour, 
when the hypercalcuria may itself cause severe renal structural and 
functional disturbances (p. 203). Occasionally if there is a severe 
depression of glomerular filtration rate hypercalcsemia may not be 
associated with hypercalcuria; hypercalcuria may then only appear 
if renal failure improves. 


Procedure Used to Determine the Presence of Hypercalcuria 

Hypercalcuria is difficult to define. A few years ago there were 
reports that 90 per cent of normal subjects studied in England excreted 
less than 300 mg. of calcium per day. It was therefore considered that 
a urinary excretion of more than 300 mg. per day was greater than 
normal. Recently, however, there have been claims that the pro¬ 
portion of normal subjects who excrete more than 300 mg. per day is 
rising; perhaps as a result of the Milk Marketing Board’s advertising. 
In 1967 therefore the upper limit of normal calcium excretion is 
probably nearer 400 mg./day for men and 300 mg./day for women. 



ilACSCStUH 


More prccisel> hypercalcuna can l>c defined as the dailj excretion 
of more than 200 mg of calcium when the diet contains less than 160 
mg A simple way to perform such a balance study is to place the 
patient on a nee diet Tlie nee is cooked in distilled water,* but salt 
can be added in normal amounts and jams, sugar and fruit are alloucd 
dnnking w-ater must also be distilled Such a diet contains about 
00-130 mg of calcium a day Tlie unne calcium excretion is estimated 
on the fourth da> when it should contain less than 200 mg 

MAGNESIUM EXCRETIOV 

Tlie average daily intake of magnesium is approximately 250 mg 
with a unniry excretion of 100 mg per day The filtration of mag 
ne<^um at the glomerulus and its rcabsorption from the tubule parallel 
that of calaum In the same way the control of unnarj magnesium 
excretion appears to be almost identical to that of calaum m that it js 
raised by a nse in the concentration of arculatmg parathormone etc 
It is probable that calaum and magnesium share a common mlra 
tubular transport mechanism Nevertheless magnesium metabolism 
IS less disturbed than calaum metabolism m renal disease Paradoxi 
callym acute renal failure, though the urinary excretion of both calcium 
and magnesium cease there is a fall in pbsma calaum and a nsc in 
plasma magnesium In diromc renal failure plasma magnesium 
remains normal even when the glomerular filtration rate falls below 
6 ml /min Very rarely a renal lesion maj cau«c an excessiv c loss of 
magnesium and cause magnesium dcfiacncy 

Procedure Used to Detect a Renal Leak of Magnesium 

There is no standardised way to do tins Nevertheless it is usuallj 
not difTicuU to establish that a renal leak of magnesium is taking place 
for With rare exceptions it only occurs in patients vMth advanced renal 
disease If sucli a patient has a low plasma magnesium and there is 
no other obvious cause for magnesium deficiencj then it is over 
whclmmgly Jikelj that the deficiency is due to excess unnarj excretion 
This can be confirmed bj finding that though the plasma magnesium 
IS low the unnary excretion of magnesium is not r^uced 

PHOSPHATE EXCRETIOV 

Tlicrc IS no evidence that phospliatc is secreted bj the tubule 
Phosphate excretion therefore depends on a lulancc between filtration 
and rcabsorption In normal circumstances all the pliosphate in the 

• Lrodon Up water conUln* 10 r»s/lOO ml of calcium. 
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plasma is filtrable. Tubular reabsorption is mainly controlled by the 
concentrations of circulating parathormone, calcitonin and thyroid 
hormone. Phosphate reabsorption (like bicarbonate and sodium 
reabsorption) is also related to glomerular filtration rate (p. 70), 
in such a way that changes in filtration rate produce httle change in 
phosphate excretion. On the other hand, changes in plasma phosphate 
concentration produce changes in phosphate clearance, i.e. a rise in 
plasma phosphate is associated with an increased phosphate clearance. 
This is immensely important for the diurnal swing of plasma phosphate 
is very pronounced and is maximal in the morning; a time which is 
often chosen to do studies on renal function. 


Procedure Used to Detect the Presence of an Abnormal 
Handling of Phosphate by the Kidney 

The only reliable and reproducible method is to estimate the' 
maximal capacity of the tubules to reabsorb phosphate (Tm PO 4 , 
p. 79). This is achieved by raising the plasma phosphate concentra¬ 
tion by a steady intravenous infusion of buffered phosphate to a plasma 



Fig. 6.24 Single estimation of TmP 04 and phosphate excretion corrected for 
filtration rate, plotted against phosphate concentrations in normal subjects 
(“phosphate tubular max” = phosphate reabsorbed; compare this with 
bicarbonate reabsorption on p. 62). Phosphate reabsorption reaches a 
maximum of about 5.0 mg./min. and then levels out. The value at which 
it does so is the TmP 04 , or maximum capacity of the tubule to reabsorb 
phosphate. In this figure the reabsorption and excretion have been 
adjusted to a glomerular filtration rate of 131 ml/min.; it is now more usual 
to relate these to 1 1. of filtrate (see text). (Anderson & Parsons, 1963, 
Clin. Sci.) 




I'nosPHATn 


level greater than 6 mg/100 ml Conditions both before and during 
tJus test have to be ngorously controlled, a high pho-^ihate diet before 
the test must be avoided, because of the diumal rJ^ilimof phospliate 
the test should always be done at the same time of day, as glucose is 
absorbed along the same pathways as pliosphatc the patient should be 



fasting, other substances such as PAH which maj compete for tubular 
transport mechanisms should be avoided, and the test should not Iw 
prolonged for othennse it maj induce endoenne changes which will 
alter the result And vshen all these precautions have been taken the 
normal range is still so wade that it maj not be caccedcd cv en m pro\ cn 
pnmarj hj'pcrparathjroidtsm Fig 0 24 shows the resuUs in normal 
subjects Tlic maxima! capacitj to reabsorb phospiiate (Tin VOt) 
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is 38 ± 5 mg./I. of glomerular filtrate. Parathormone diminishes 
phosphate reabsorption while th 5 n:oid hormone increases it. It is also 
reduced in severe renal failure and certain primary disturbances of the 
tubules. When the capacity to reabsorb is diminished the plasma phos¬ 
phate win fall, and it will rise when reabsorption is increased. 

Other methods used include estimates of the clearance of phosphate 
alone or the phosphate to creatinine clearance ratio. The first is 
valueless and the second is only of value if the duration of the clearance 
period is 24 hours, the dietary intake of phosphate is constant from day 
to day and the plasma phosphate sample is always taken 4^5 hours 
after the last meal (e.g. at midday). As the phosphate to creatinine 
clearance ratio rises as the plasma phosphate concentration increases 
the results obtained must therefore be compared with those obtained 
over a wide range of plasma phosphate concentrations in normal 
subjects (Fig. 5.25). 


AMINO ACID EXCRETION 

Amino acids are filtered, and actively reabsorbed in the proximal 
tubule by four main transport mechanisms, each of which deals with 
one of the following groups of amino acids: 

1. The monoamino-monocarboxylic amino acids such as alamine, 
valine, trytophan and cysteine. 

2. The dibasic amino acids: lysine, arginine, ornithine and cystine. 

3. The dicarboxylic amino acids: glutamic and aspartic acids. 

4. The imino-acid and glycine group: proline, hydroxyproline and 
glycine. 

Amino-aciduria or excessive excretion of amino acids is classified 
into " overflow ” or " renal " types. Overflow amino-aciduria is due to 
disorders of metaboHsm in which the circulating concentration of 
certain amino acids rises. The amount of these amino acids which is 
then filtered exceeds the tubules’ capacity for reabsorption and the 
quantity which is not reabosrbed " overflows ” into the urine. The 
inability to deaminate amino acids in severe liver failure causes an 
overflow of all groups of amino acids while phenylketonuria which is 
due to an impaired ability to metabolise phenylanaline is an example 
of a single amino acid overflow amino-aciduria. 

In renal amino-aciduria the primary defect is either an absence or 
deficiency or either group 1 or 2 active transport mechanisms. This 
can arise either as a hereditary anomaly of amino acid transport without 
other evidence of abnormal tubular function e.g. cystinuria and disease, 
or as one of several tubular abnormalities all of them caused by damage 
to the proximal tubules. Such damage may develop acutely as in 
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cadmium and uranium poisoning or more chronically wth copper in 
Wilson's disease, or galactose m infantile galactosemia 

URIC ACID EXCRETION 

Normally, only about 10 per cent of the unc acid that passes through 
the glomerulus is excreted in the unnc, i e about 00 per cent appears 
to be reabsorbed There is some evidence, however, that nearlj 100 
per cent of the filtered unc aad is reabsorbed m the proximal tubule 
and that the unc acid that is excreted m the unne has been secreted 
by the distal tubule The daily excretion of unc aad is 0 5 to I 0 g 
The amount depends to a large extent on the content of cell nuclei m 
the diet, for unc acid is denved from punne bases liberated m the 
degradation of both ingested, and endogenous nuclcoproteins 

The concentrations of unc acid found in the urme are such tliat 
the unc aad is m a supersaturated state The hability to precipita¬ 
tion IS obviously greatest when the unnc is aad The solubility of total 
unc acid i e free unc aad and urates in unne is only 8 mg /lOO ml at 
PU 5 0, 22 mg /ZOO ml at pH C 0, and 16S mg (100 ml at pH 7 0 In 
addition precipitation of so^um urate in the unne and m Che medulla 
IS probably enhanced by the high concentrations of sodium m the 
medulla and unne when concentrated unne is being formed 

There arc many conditions m which there is a sclcctn c impaimicnt 
in the ability to excrete unc aad Some of them are due to a raised 
concentration of plasma lactic aad whicli is a well established inhibitor 
of unc aad excretion In renal failure the ability to excrete unc acid 
remams normal until the glomcrufar filtraUon rale fails below 20 
ml /mm (p 358) 


MAXIMAL CAPACITY OF THE TUBULES TO TRANSPORT 
GLUCOSE AND PARA-AMINO HIPPURIC ACID 

The capacity of the tubules to rcalr?orb or secrete certain subslancrs 
IS limited, and a measure of this is obtained b> estimating the 
maximal amount that the tubules can either secrete or rcab<orb m 
one minute This amount is rcfcircd to as the Tm of tJiat substance 
(dcn\ed from the words tubule and maximal"), it has a certain 
%alue particularlj m relation to bicarbonate (p C2) and phosphate 
(p 70) excretion 


ReabsotptJan Tm 

The Tm of glucose (Tm,) is a good example of a reab«)rpinc Tm 
When blood glucose is wnthm nonnal bmits it is unusual for there to 
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be glucose in the urine, since aU the filtered glucose has been reabsorbed. 
To determine Tm^ an intravenous infusion of glucose is given at a rate 
sufficient to raise the blood glucose substantially. Glycosuria occurs 
and the amount of glucose reabsorbed is calculated as follows: 

glucose filtered — glucose excreted = glucose reabsorbed 

or 

GFR X Pg - Ug X V = Tg, 

where GFR is glomerular filtration rate per minute, Pg is plasma 
glucose concentration, Ug the urine glucose concentration, V the rate 
of urine flow, and Tg the rate of glucose reabsorbed as mg. per minute. 
The rate of glucose administration continues to be increased in a step¬ 
wise manner and the measurements are repeated; blood glucose and 
glycosuria increase steadily, but there comes a point beyond which the 
quantity of glucose reabsorbed remains constant; this is the Tmg, and 
in normal man is 323 ± 64 mg./min. 

The plasma glucose concentration at which glucose first appears in 
the urine is sometimes referred to as the renal threshold for glucose. 
This level is roughly correlated with Tmg but is a less constant value, 
for it is influenced by alterations in glomerular filtration rate. At the 
renal threshold for glucose the quantity of glucose being presented to 
the tubules by the glomerular filtrate is only just sufiicient to exceed 
the tubule’s ability to reabsorb all the glucose passing through; if 
plasma glucose remains unchanged but there is a fall in filtration rate, 
no glucose wiU appear in the urine and the renal threshold will have 
altered. But when estimating Tmg the blood glucose concentration is 
raised to such high values that, so long as a nephron has some filtration, 
the amount of glucose being presented to the tubule for reabsorption 
is far in excess of its maximum reabsorbing capacity; in this way 
alterations in glomerular filtration rate cannot influence the amount 
reabsorbed. 

The main value of a Tmg is that it gives a quantitative expression 
of the total mass of functioning tubular cells. It is rarely estimated. 

The Tm of bicarbonate and phosphate reabsorption is of more 
interest and has been discussed earlier (pp. 62 & 76). With these ions how¬ 
ever, the term is more elastic, for though at any one moment a Tm can 
be demonstrated it can be altered by various manoeuvres. For instance, 
Tmjjco, can be increased by raising PcOg, and Tmpo. can be lowered by 
giving parathormone. In addition, unlike Tmg which is uninfluenced 
by changes in glomerular filtration, tubular reabsorption of bicarbonate 
and phosphate varies directly with changes in glomerular filtration 
rate, so that for purposes of comparison TmHco, Tmpo, have to 
be related to a standard glomerular filtration rate (p. 70). 



iNTrnrRETATiox op run Rhsults of Tiin Two Jfosr Widely Used Tests of Remai. Fonctiok, i.c 
Glomerular Filtratiok Rats aud tmk Ability to Concentrate 

Th4 in/omalion derived from these two tests alone altovrs a certain measure of subdivision of renal <ftsor<?ers 


ABl 


rv TO concentratc 



(unction itnpairM. tubular If I- MwJfrntt acute rcnaHcclitmift.e r li.rmorrhage 
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Secretion Tm 

In this context a substance is considered to be secreted by the 
tubules only if the amount excreted in the urine is greater than that 
which has been filtered. This is, of course, a convenient but grossly 
arbitrary definition, for some substances which are actively secreted by 
the tubules (e.g. potassium) have a total urinary excretion which is 
usually less than that which has been filtered. To measure the true 
amount secreted, therefore, it would be necessary to know the amount 
which has been reabsorbed, and in ordinary circumstances this is 
not possible. 

Those substances which have the greatest rate of tubular secretion 
according to the definition given above are those which are not normally 
present in body fluids, and include diodone, phenol red, penicillin and 
para-amino-hippuric acid (PAH). Because of its ease of estimation 
and its high rate of active secretion PAH is the substance which has 
been most often used to obtain a secretory Tm, The procedure is 
similar to that used for estimating glucose Tm. Intravenous PAH is 
administered at a rate sufficient to maintain plasma PAH level at about 
20 mg. per 100 ml. at which level the tubules are being presented with 
PAH at a rate much greater than their ability to secrete it into the 
tubule lumen; Tmp^u is then calculated as follows: 

PAH excreted — PAH filtered = PAH actively secreted, 

or 

UpAH X V GFR X PpAH = TmpAH* 

In normal man Tmp^n is 68 i H mg./min. Again, it is rarely estimated. 

Limitations of Existing Renal Function Tests 

There is as yet no test which wiU give information about the number 
of functioning nephrons. This is a serious disadvantage. The kidney’s 
capacity to hypertrophy is very great and it has been repeatedly shown 
that the removal of one kidney produces httle or no permanent change 
in overall function. Similarly there is much histological evidence that 
in those chronic renal diseases in which nephrons are destroyed, the 
surviving nephrons hypertrophy, and it must be assumed that the 
function of the surviving nephrons increase with their size. It is there¬ 
fore theoretically possible for a renal disease to destroy about half the 
nephron population and yet produce little or no change in renal 
function, and it follows that an unchanging renal function is not proof 
that a disease is quiescent, e.g. in persistent pyelonephritis. Con¬ 
versely, when renal function is persistently reduced to half its normal 
value it is almost certain that a great deal more than half of the 
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onginal renal parcnchjTna must have been destrojed These specula¬ 
tions \souId be unnecessary if, during life it were possible to obtain an 
estimate of the number of sor\nving nephrons 
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DIURNAL RHYTHM 

Tun unnary excretion of water and most clectroljtes is normally 
greater dunng the day than at night, a fortunate phenomenon w Inch 
ensures that the night’s repose shall be undisturbed Tlus pattern is 
not only due to the fact that fluid and food are taken dunng the dai 
It Mali persist even if identical quantities of food and ualer are ingested 
at regular intervals throughout the 24 hours As the e\ening ap 
proachcs and dunng the night, the excretion of sodium potassium 
bicarbonate and chlonde ions gradually diminishes while of the 

unne falls, and its concentration nses, the process is rc\ ei^ed in tlie 
morning (Tig C 1) 

The mechanism responsible for this rhjthm is unknown, it has 
been shown that there is a small nocturnal fall in glomerular filtration 
rate, but this cannot explain all the changes that occur for instance, 
the excretion of phosphate tttertases at night and diminishes dunng the 
day It IS possible that the clianges in water excretion and particularly 
the changes in unne concentration, follow a diurnal alteration in 
anlidmretic hormone secretion There is no doubt that an antidiurctic 
mechanism is present, for at night a large dnnk of water only produces 
a small increase in unne flow Tlic changes in electrolyte excretion arc 
preceded, by a few hours, by similar fluctuations m stenod excretion 
It IS probable that this is only coinadcntal, for it fails to explain why 
the changes in sodium and potassium excretion should be parallel, 
it has also been reported that under certain conditions the excretion 
of steroid wall nse gradually lliroughout the day and night, and jet 
the diurnal rhythm of electrolyte and water excretion continues 
uninterruptedly 

A normal dmmal rh>thm jiersists dunng undcmutntion, water 
dcpnvalion, salt depnvation, the sustained action xA piticssm and a 
temporary disturbance of sleep ihjthm For instance, a person going 
from cast to west on a ship across the Atlantic wall show a peak of 
clcctrolj tc excretion one hour (ship time) earlier cacli daj' But the 
clock *' gains " an hour each day so tliat in het the diumaJ rh) tbm 
remains unchanged in relation to Kuropcan time Itci ersal or abolition 
of the diurnal rhj'thm occurs commonl> m the four most frequent causes 
of gcncralicwl wdema, ic cardiac failure, luer failure, tlie nephrotic 
u 



86 


0pm I2mn 4om 







DIURNAL RHYTHM 


87 


s>'ndrome and malnutntion In these conditions the \ olume ol unne 
passed at night maj be equal to or exceed tiie daytime total (fig G 2) 
It may also be reversed m chronicrcnal failure, small bowel in<?j>fhnenc 3 
(e g idiopathic steatorrhcea) Addison's disease, and foUovnng a head 
injurj In a normal person the diumal rhjtlim can be abolished and 
occasionally reversed by the administration of cortisone 

A knoM ledge of a patient’s pattern of clcctrol> te and water excretion 
may sometimes be of help in treatment An cedematous picrson with a 
reversed rhjlhm, for instance, may onlj liave a diuresis following 



1 to 6 3 Pathologtcal revcml o( the Oiornal rbwhin ol amuT> excretion 
o! water (——) cotapared with the noirnil rbjthm ( — ■ ) 

the administration of a diuretic, if it is given m the evening rather than 
m the morning 

The diumal rh> thms of unnary constituents arc often accompanied 
b> diumal rh} thms m their plasma concentration?, tliough sjTschronous 
changes in blood and unne arc not nccessanl> m the same direction 
Tins is of the utmost importance when tr^nng to assess changes in renal 
function Inattention to these rhjthms was the cau«e of much of the 
confusion which surrounded earlier discussions on phosphate excretion 


Him lOGRAPin 

BoRST J G G andrpVRirs I_ A (1950) *• The thw tj-p^ of ' nataral' 
diuresis I ancti 3 I 

I IVKFNSTAEDT J T r)l>GMA» J I JrNKI'«S D I-Alt>LA\r J C XfJ 
McRRiLt, J r (1051) The eflect of uilraieuous lij-drocortLsonc »nd 
corticosterone on the diumal ih)thm in renal function anl rl«trol>te 
cfjmJjbrix in normal nnd Addisonian sal jecU J tiin Inmt 3J 033 
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RENAL FUNCTION IN RELATION TO AGE 


Renal Funcffon in the Fcctua 

The outstanding fact xs that foetal unne is hj-potonic to Us oun 
plasma 

Renal Function in Infancy 

In contrast to adults the intake of food and the rate of growth arc 
more important than the kidney in keeping the biochemical environ¬ 
ment of the infant stable In addition, though the infant s kidney is 
perfectly adequate for normal purposes it is less adaptable than that 
of an adult in an emergency 

Glomeruhr JiUraUon rale calculated on a surface area basis, is 
proportionately less than in an adult and jet the concentration of urea 
m the blood is lower Tins is due to the relatively larger quantities 
of nitrogen that are being retained at this time of life, and in normiJ 
circumstances the lower glomerular filtration rate is pcrfcctlj adequate 
to dispose of the small amount of waste products of protein catabolism 
The hazards of this situation arc evident when the child becomes ill 
and ceases to store nitrogen A sharp increase in protein catabolism 
IS then Lable to produce a rapid nsc m blood urea and if protein 
administration is continued the blood urea maj nsc rapidly though 
there has been no alteration m the glomerular filtration rale 

Tubular runetton The ability to dilute and concentrate the urine 
to adult levels docs not take place until approximately the fourteenth 
day and the third month respectively Tlie ability to excrete a water 
load does not reach adult proportions until the end of the first month 
The inability’ to concentrate the unne is due iniliilly to (i) an inability 
to secrete antidiuretic hormone (ADH), (ii) an inability to respond to 
ADH because the renal medulla has not developed sufficiently, and 
(m) the small amounts of urea passing down the tubufe After a few 
weeks the ability to secrete A1)H appears and the kidney has matured 
sufficiently to enable it to respond to ADH but the ability to concen¬ 
trate remains low At this point, however, if an infant is gtv cn Mutable 
quantities of urea by mouth the ability to concentrate nvs to adult 
levels wathm a few hours, the incrnsc m osmolality being equal to the 
increased concentration of urea m the unne 
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The control of sodium excretion is even less elastic than that of 
water and an excess infusion of normal saline may produce a hyper¬ 
tonic oedema because of the greater difficulty in getting rid of sodium. 
Alternatively, urinary sodium excretion may continue though there is 
a negative balance of sodium from diarrhoea orvomiting. Consequently, 
during the first few months an inadequate intake of water or an attack 
of diarrhoea may lead to severe dehydration; or an excessive admini¬ 
stration of water may cause overhydration. 

The other tubular functions which have been found to be relatively 
less efficient than in an adult are the ability to excrete a highly acid 
urine, and both Tmp^H and Tm^ {p. 79). All functions become com¬ 
parable to those of an adult by the end of the first year. Ammonia 
excretion, however, is within normal limits in the first few days. 

Titratable acid excretion is remarkably low for the first year of life. 
This is due in part to a poor ability to secrete hydrogen ions against a 
gradient and also to the low phosphate content of the urine. The low 
urinary phosphate content is due to the infant’s retention of phosphate 
for the formation of bone and muscle. If phosphate is administered 
titratable acid excretion rises and the usually low plasma bicarbonate 
values rise to adult levels. It appears therefore that the infant’s 
normal state is one of metabolic acidosis secondary to a combination 
of inadequate kidneys and insufficient urinary buffer. This explains 
the infant’s liability to develop severe acidosis if given large quantities 
of dietary protein. 

Proteinuria and glycosuria occur in about a quarter of normal 
premature infants, and infants up to the third day, when the urine 
than becomes free of protein and glucose. 

Renal Function During Senescence 

After the age of 30 there is a gradual reduction in renal functional 
capacity. The functions which have been studied include glomerular 
filtration, renal blood flow and secretion Tm, urea clearance, and the 
ability to concentrate. 

By the age of 90 each of these functions has decreased to approxi¬ 
mately half its value at the age of 30. Histological appearances show 
that there is a gradual loss of nephrons so that it is highly probable 
that every function is involved. It is certainly very noticeable that 
elderly patients are not able to concentrate their urine to the same 
extent as adolescents. 
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THE RENAL CIRCULATION 

At rest about one-fifth of the cardiac output flows through the 
kidney, the normal renal blood flow being approximately 1,100 ml./min. 
It is a greater irrigation per unit weight of tissue than any other 
organ. This extraordinary phenomenon is confined to the cortex; the 
medulla only receives 6 per cent of the total renal blood flow and has 
an irrigation which is comparable to that of other tissues. The reason 
for this high cortical perfusion is not understood for, though a sub¬ 
stantial and sustained reduction in renal blood flow is always associated 
with some fall in glomerular filtration rate, renal function in all other 
measurable respects may remain perfectly normal. In the following 
discussion it is to be remembered that changes in renal blood flow are 
generally accompanied by similar changes in the glomerular filtration 
rate, though frequently the degree of change may be different. 


SOME FACTORS WHICH CAUSE A REDUCTION 
IN RENAL BLOOD FLOW 

The normal renal blood flow is very great, consequently if a change 
does occur, the flow is nearly always reduced. The upright posture, 
undemutrition, exercise, pain, heat, adrenaline and advancing years 
are some of the physiological factors associated with such a reduction. 
The pathological causes are discussed below. 

Circulatory Insufficiency 

Clinically the most frequent cause of a fall in renal blood flow is 
circulatory insufficiency. Contraction of the blood volume and cardiac 
failure both cause renal vasoconstriction and a faU in renal blood flow, 
whether or not there is a concomitant decrease in blood pressure. 

Contraction of the blood volume may be secondary to traumatic, 
surgical or spontaneous bleeding, acute haemolysis, severe diarrhoea 
and vomiting, barbiturate poisoning, bums, or negative protein balance. 
Sudden changes in blood volume produce the most marked changes in 
the renal circulation, but there is a delay between the time of the 
haemorrhage and the onset of renal vasoconstriction. A haemorrhage 
which is severe enough to induce peripheral vasoconstriction, with 
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pallor and coldness of the hands feet and face may not cause a fall 
in renal blood flow unthm the next one to two hours If howcNcr, the 
blood volume remains reduced for four to seven hours there is v:\erc 
renal vasoconstriction which may be sufficient to cause necrosis of the 
renal cortex The cause of this v asoconstnction is nerv ous and humoral 
and this may be the reason why the constriction takes a few hours to 
become maxima! Tlienipcutically the delay is sometimes an advantage 
for early transfusion may prevent the onset of severe renal ischTmia 
but conversely once ischemia has developed transfusion is only 
associated with a slow recovery the iscliaimia continuing for several 
hours though the blood v olumc is normal 

Cardiac failure \i\6\xccs TCTia\ vasoconstnction both when the cardne 
output IS low (when the fall m renal blood flow is proportionate!) 
greater than the fall in cardiac output) and wlien the output is high as 
m cor pulmonale and ihjTotoxicosis In the latter the cardiac output 
may be doubled and jet the renal blood flow maj fall to 20 per cent 
of its normal value The cause of this vasoconstnction is uncertain 
hut the inability of a litgli spinal anasthciic to alter the renal blood 
flow in established cardiac failure suggests that it may be humoral 
Tins is supported by the finding that some increase in renal blood 
flow occurs followang liic administration of the adrenaline antagonist 
aibenamine Large increases m renal venous pressure have been 
found to produce transient reductions in renal blo^ flow But this is 
not the cause of the fall in renal blood flow in cardiac failure for the 
rcnil venous pressures usuallj encountered arc not in this high range 
and in chronic heart failure the venous pressure and renal blood flow 
may v'ary independently 

A teleological explanation for the renal vasoconstnction whidi 
occurs with circulatory distress is that it maintains the artenal pressure 
and swatches the available cardiac output to organs which arc less 
able than the kidney to iuncUon with a reduced blood flow 

Acute Utenne Catasttoptdes 

Tlierc IS a dose assoaation between tlic incidence of abortion 
arcidental liTmorrhage and eclampsia on the one hand and severe 
renal ischemia on the other Abortion is the most frequent caii^c of 
acute renal failure 

In manj of these conditions harmorrhigc must l>e parti) rcsponsil Ic 
for the renal iscliTmia but it is probable that occasjonall) other 
mechanisms arc also involved It has been dcmonstratcil in expen 
mental animals that an acute nsc in inlra utenne pressure causes n 
marked fall in renal blocxl flow if sudi a mechanism is present in man 
it ma) be an important contributor) factor in the causation of renal 
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ischaemia in some of the conditions mentioned above (e.g. concealed 
accidental haemorrhage). 

Electrolyte and Endocrine Abnormalities 

Most forms of electrolyte abnormalities cause a reduction in renal 
blood flow. With simple water depletion, or with combined salt and 
water depletion, this reduction is caused by the contraction of the 
blood volume. But with water intoxication due to salt loss, or excess 
water intake, the mechanism is obscure. Potassium deficiency and 
hypercalcaemia also cause a fall in renal blood flow. Initially these 
circulatory changes are quickly and completely reversible; if, however, 
they are prolonged' and are associated with the development of 
structural changes, recovery will be incomplete. 

The renal blood flow is also reduced in hyper- and hypo-adrenalism, 
hypopituitarism and myxoedema. 

Vasoconstrictors other than those Produced by the Endocrine Glands 

These consist mainly of exogenous substances and include a variety 
of cytotoxic poisons such as carbon tetrachloride, corrosive sublimate 
(mercuric chloride), propylene glycol, etc. Frequently tubular necrosis 
follows, both from direct action of the poison on the cells and from 
intense renal ischsemia. 

Some infections such as Weil’s disease and scrub typhus are also 
associated with severe reductions in renal blood flow. 

Disorders of the Renal Vasculature 

Atheroma of the large intrarenal arteries may occasionally lead to 
wedge-shaped loss of renal parenchyma and a substantial fall in renal 
blood flow; while hypertension (particularly the malignant form), 
polyarteritis nodosa, eclampsia, diabetes and amyloidosis frequently 
produce such obliterative changes in the arterioles and glomerular 
capillaries that severe fatal renal ischaemia may result. Changes in the 
renal vessels in diffuse lupus erythematosus and scleroderma may also 
lead to renal failure. The acute glomerular capiUaritis of acute 
nephritis does not usually affect the renal blood flow, but there are 
occasional instances of severe renal ischaemia. 

Gradual Destruction of the Renal Parenchyma as a Cause of a Decrease in 
Renal Blood Flow 

Loss of nephrons is at first compensated for by an increased flow of 
blood through the remaining hypertrophied nephrons, e.g. the changes 
which occur following unilateral nephrectomy. Eventually, however, 
with further loss of nephrons the renal blood flow inevitably diminishes. 
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Among the conditions ^\hlch ha\e not >ct been considered and ^^l«ch 
produce a gradual destruction of the renal parcnchjTna there arc 
persistent glomerular neplintis pjelonephntis pol^i^-stic disersc 
congential tubular disorders renal tuberculosis and unnarj tract 
obstruction 

SOME FACTORS WICH CAUSE RENAL HYPERVEMIA 

These include cold large protein intake liypcrpjTcxia sudden 
increase in blood volume emotion ammophylJine denvatives mctJie- 
dnne magnesium sulphate polycythremia and pregnancy In general 
such increases m renal blood flow are of no clinical importance though 
occasionallj aminophylline is used to raise the renal blood flow and 
glomerular filtration rate when trying to obtain an adequate diurcMs 
with diuretics 

ADJUSWIENT OF THE RENAL CIRCULATTOV TO 
CHANCES IN HiCMATOCRIT 

In the normal kidney the fall in hxmatoent w hicli occurs m anxmii 
IS associated with a substantial decrease tn renal blood flow a small 
reduction m plasma flovs and an almost unchanged glomerular filtration 
rate when the hxmatoent falls below approximately 20 however 
the onset of cardiac failure causes the renal ischxmia to become much 
more pronounced and there is a marked reduction m plasma flow and 
glomerular filtration (fig 8 1) 

Conversely the nsc in hxmatoent wliicli occurs in pol3C)thxfnia is 
associated with a substantial increase m rcnil blood flow but again 
there IS only a small reduction in plasma flow and an almost unchanged 
rate of glomerular filtration at hxmatocrits above approximate!} 75 
however both the renal plasma flow and glomerular filtration rate tend 
to be sharply depressed 

These diangcs suggest that the kidnej is main}} concerned with the 
maintenance of a constant renal plasma flow and glomerular fiUntion 
and not with the total renal blood flow Tlie mcchimvms resjwnsible 
for these adjustments are not known but tfic} appear to be focaf in 
origin and unrelated to changes in canine output dinicall} tic 
important point is tint such adjustments ma} take <ome da}'S to 
complete 

In diseased kidnej's the«c adjustments take place more slowlv or 
not it all Tlie result is that a perfcctl} justifiable transfu*«on for 
anarmia in chronic renal failure maj be follow etl b} a rapid detenora 
tion m renal function TIic explanation is as follow-s It has l/een 
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pointed out earlier that a reduction in glomerular filtration rate to 
50 per ceiit of normal produces little absolute change in the blood 
concentrations of waste products, but with further reductions in 
filtration rate these concentrations rise steeply. If, therefore, owing 
to renal parenchymal destruction the glomerular filtration rate is low! 
it is clear that a further small decrease in filtration will produce a large 
increase in blood concentrations of waste products. Such a decrease 
m filtration may follow the rise in hematocrit which accompanies a 
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Fig. 8.1. Schema of the changes in renal blood flow, plasma flow and glomerular 
filtration rate which occur in the normal kidney in response to changes in 
hematocrit. The three circles illustrate what is presumably taking 
place in the renal vessels, i.e. the renal plasma flow remains constant 
because the diameter of the renal vessels varies directly with the changing 
fraction of red cells. 

transfusion; it is due to the failure of the renal vessels to dilate 
sufficiently quickly to accommodate the rising fraction of red cells; 
the renal plasma flow and filtration rate are automatically reduced and 
the patient may die of acute anuria. If it is considered necessary to treat 
the chronic anaemia of chronic renal failure with transfusions, it is best 
best to give small amounts of packed cells and not to try and 
raise the P. C. V. above 25. It is best to give packed red cells in 
order to minimise the risk of causing heart failure which is the other 
hazard of transfusing patients with renal failure. An estimate of 
glomerular function should be obtained between each transfusion. 
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ADJUSTMENT OF THE RENAL CIRCULATION TO 
CHANCES IN ARTERIAL PRESSURE 

The rate of Wood flow is related to the artcnal pressure and the 
P 

resistance of the \cssels, i e V =-^whcrcr = blood flow, P = artcnal 
K 

pressure and R = ^ ascular resistance Alterations in resistance are 
produced almost entirely by changes m the calibre of the % es<cls. i c by 
vasoconstnction and vasoAlatation Such changes usually occur as 



11C 8 2 Renal circulatory aulorcpiUuon The relatioivship Vt«i»n ll e 
pcflo^ion rirc<rure (i c renil *ncry prcjtortJ aB<l the renal W«0 Cow 
In » dog a kidney showing the rrUtixe constancy ol the LlooO Powr when 
the pertusion pressure ts betwren 109and 260 tnrn ilg 


part of a general alteration in total pcnphcnl resistance, c g hjper 
tension and IiTmorrlnge arc both associated with an incrci'^c in total 
ptnphcral resistance and, in each rcml \*3soconstncljon contributes 
to the increase Occasional!}, howc\er clnngcs in renal resistance 
may occur which do not stem from some central demand for circulator} 
adjustment For instance, there are the changes m renni siiscuhr 
resistance which accompin} clnngcs in luemilocnt (see abost), and 
the following cliangcs whicli accotnpan} alterations in artcnal pressure 
It IS well cstibhshcd that the kidney his an independent mechanism 
which alters tlic calibre of the rcnil lossels m response to diangcs in 
artcnal pressure Tlii.s rclationsJiip between the rate of renal blood 
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flow and the arterial pressure is most easily demonstrated in the isolated 
perfused dog’s kidney, and is illustrated in Fig. 8.2. It can be seen that 
over a pressure range of about 0 to 90 mm. Hg the blood flow rises with 
the pressure; from 90 to 200 mm. Hg the flow, remains relatively 
unaltered; and after 200 mm. Hg the flow rises once again. The 
alterations in vascular lumen occur in the arteries on the afferent side 
of the glomerulus, for the glomerular filtration rate parallels the 
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changes in the renal blood flow. The changes in the diameter of the 
arterial lumen are due to the innate property of the smooth muscle in 
the arterial walls to respond to a stretching force by a contraction, and 
a diminution of tension by a relaxation; a property which can be 
demonstrated in many sites in the body including the arteries of other 
organs. It is probable, for instance, that this phenomenon is respon¬ 
sible for the dilatation of an artery that occurs distal to the site of an 
obstruction. The constancy of the renal blood flow during alterations 
in blood pressure is known as renal circulatory autorcgulation. 




KFNAL C1RCULAT0R\ AUTOREGLLATIOS P*) 

Indirect c\ idence for tlie presence of a similar stabilising mechanism 
m the renal \ asculature of man has been obtained on se\ cral occasions 
though the exact range over tihidi it occurs is not kno«ai It must 
almost certainly be o%er a lower range than m the dog for the mean 
blood pressure in man is lower than tliat m the dog There is some 
endence that renal circulatory autorcgulation in man is present down 
to a mean artenal pressure of about CO mm Ilg (Fig 8 3) Such 
observations are difficult to obtain for in most circumstances changes 
in artenal pressure produce a central demand for compensatory 
alterations m the pcnphcral resistance which hav e pnonty o\ er purcU 
local circulatory reflexes the latter are best observed following 
small changes m artenal pressure produced by changes m cardiac 
output 

Teleologically this mtnnsic pressure flow relationship is diflicult to 
understand One suggestion is that it protects the glomerular filtration 
rate from the normal fluctuations m pressure so that the tubules arc 
presented with a continuous steady quantity of matcnals As many 
of the factors which influence tubular function are slow to change the 
extent of their activity a stability of this nature may be of value 

Qinicall) there are two aspects of this local pressure-flow rcJilion 
ship which are of interest The first is purely speculative does this 
mechanism which responds to a nsc in artenal pressure b> vaso* 
constnction e\ er become so disordered m disease that it causes excessiv c 
vasoconstriction at normal blood pressures’ The other is more practical 
and is related to the treatment of hypertensive patients vnth hypo¬ 
tensive drugs \Vlicn renal function is substantially normal the renal 
blood flow and glomerular filtration rate remain unchanged as the 
blood pressure falls But if there is evidence of renal damage (retlucctl 
glomerular filtration etc) before the administration of the liypotcn'^ivc 
agent the normal pressure-flow relationship may either fail or onlv 
bccomcmanifestaflcra long interval In these circumstances glomerular 
filtration rate wall fall the bloo<l urea nsc steeply and the patient may 
die of acute upon chronic renal failure ft is always wise therefore to 
induce a fall in blootl pres-surc gradually in such patients and to repeat 
estimations of glomerular function at frequent intervals 

SHUNTS 

There is no convincing evidence that true shunting of blood ever 
takes place in the kidney Nevertheless there arc two renal circulatory 
phenomena which have sometimes had the word <hunt applied toth^m 
One IS the kidney s capacity for intense vasoconstriction and tl e otl cr 
IS the way in winch it separates pli<mn from red cells 
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“ Shunting ” of Whole Blood 

It has been claimed that in some circumstances, the cortex may 
become ischsemic because the blood which should have travelled to 
the cortex is shunted through the medulla. This conclusion was first 
reached from observations made on experimental animals subjected 
to the following stimuli: prolonged application of tourniquets to the 
hind limbs, bleeding, stimulation of the sciatic nerves and the adminis¬ 
tration of certain substances such as adrenaline, in large quantities. 
During and immediately after stimulation the renal circulation was 
studied by means of angiographs, injections of methylene blue, and 
histological sections. These techniques give an indication of the 
distribution of blood within the kidney at any one time, but are not 
measures of the rate of blood flow in any one place. It was found that 
the stimuli were associated with the following change in the distribution 
of blood; the cortex contained less and the medulla more, that is, the 
cortex on section was pale and the meduUa was dark. Mainly from 
this evidence it was suggested that the ischaemia of the cortex was due 
to the hyperaemia of the medulla; the blood intended for the cortex 
having been by-passed, diverted, or shunted through the medulla. 

There is much evidence however, that this assumption was un¬ 
warranted. It has been pointed out that to demonstrate that ischaemia 
is due to the opening of a shunt it is necessary to show that the decrease 
in flow in the ischaemic area is of the same order as the increase in flow 
in the shunt, i.e. if a large diversion of the normal cortical blood flow 
takes place it should be possible to demonstrate cortical ischaemia 
without significant reduction in renal blood flow. But when renal 
blood flow is measured, the cortex becomes pale and the medulla dark 
only when the total renal blood flow is greatly reduced. It is clear 
therefore, that the ischaemic pallor of the cortex cannot be due only 
to an increase in medullary flow, whether or not a small increase 
does occur. That such an increase is unlikely has been demonstrated 
with temperature measuring needles simultaneously recording from 
medulla and cortex; for when the total renal blood flow is markedly 
reduced by nor-adrenaline, adrenailine and stimulation of the renal 
nerves, the changes in temperature which take place (and which 
presumably reflect changes in blood flow) are the same in the two sites. 
It has even been suggested that when there is pallor of the cortex and 
congestion of the meduUa it is probable that there is no blood flowing 
through the medulla, for it has been found that Indian ink injected 
intravenously may sometimes fail to appear in the medulla. 

The importance of the observations which led to the renal shunt 
hypothesis is that they showed that in certain circumstances the cortex 



CONSEQUENCES OF COUNTER-CURRENTS lOI 

of the kidney has a disconcerting tendency to shut off its blood supply 
almost completely. It is probable that m most instances of inten«w 
renal \asoconstnction the blood flow through the cortex Mrtually 
ceases vhilc medullary blood flow continues at a % cry reduced rate 

" Shunting ” of Plasma from Red Cells 

The hxmalocnt of the blood m the renal cortex is about 50 per cent 
of that m the large blood \*essels, and m the medulla it is onlj' 30 per 
cent This high proportion of plasma m the cortex is partly due to 
(i) its prcdommintly capillary bore arculaijon, for there is a tendency 
in small vessels for red cells to travel quickly down the centre m a 
narrow stream, while plasma passes more slowl> m a wade pcnphcral 
cufl, and (ii) there is some evidence that some plasma probably lies 
m the interstitial space (p 8) 

Tlie even higher proportion of plasma in the medulla indicates that 
the blood flow through the medulla is mainly plasma TIic most 
reasonable hypothesis for this phenomenon is that the plasma is 
*' stripped " from the red cells at the point where the afferent arterioles 
supplying the juxtamedullary glomcnih Jeai c the interlobular aricnes 
It has been shown on modeb that when blood flows through a tube 
whose branches come off at right angles fas they do from the inter¬ 
lobular arteries) the sleeve of plasma m the proximal tube passes 
selectively into the distal branches with little admutlurc of red cells 
The functional importance of this manccuvre is obscure It is possible 
that it contributes to a low intramedullary pOa (sec below} 

SIGNIFICANCE OF TIIE COUNTER-CURRENT 
CIRCULATION IN THE MEDULLA 

It has been pointed out (p 7) that the blood supply to the 
medulla flows through long looped vessels fthc vasa recta) which, though 
they arc rclativcl> wade, have vvalls of captllaiy thickness throughout 
their entire course And that the Wood within them is obhgcil to flow 
in a counter-current fashion, first down towards the tip of the papilla 
and then upwards to the corticomcdullar^ junction As the walb of 
the vasa recta are of ciptllatj thickness the blood they contain is in 
nearly all rcsr>cctsJn cijuihbnum with mcdulhrj interstitial fluid, and 
therefore with the fluid flowing through the thm capiUarj* like descend¬ 
ing hmbs of Ilcnle In addition it is verj* likely tint at all times the 
fluid in the collecting ducts must also be in equilibrium with the pOj 
and PCO 2 of the mcdiillarj' mtcr^titnl fluid, and there is evidence that 
under the influence of AHH the fluid in the collecting ducts is also in 
oquthbntim with respect to its osmolality, urea concenlralion and 
probably hjdrogcn ion conccnlnitjon 
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The importance to the medullary interstitial fluid of a counter- 
current flow in the vasa recta is two-fold, (i) It magnifies the rise in 
concentration which follows the transfer of any solute or gas from the 
tubules into the medullary interstitial fluid, (ii) It magnifies the fall in 
concentration of any solute or gas which is removed from the meduUary 
interstitial fluid. 

An example of the first consequence of the counter-current circula¬ 
tion was detailed on p. 44 where it was shown how it contributes to 
the high meduUary concentrations of sodium chloride and urea, which 
in turn make it possible for the urine to become hypertonic. It is 
probable that it is also responsible for the high PCO2 of alkaline urine 
and the low pH of acid urine. The most clear-cut example of the 
second consequence is the fact that the p02 of urine is lower than that 
of renal venous blood. This is because the initiaUy high p 02 of the 
arterial blood in the descending limb of the vasa recta is in equilibrium 
with the low pOa of the venous blood in the ascending limb; it follows 
that the p02 of the supposedly arterial blood reaching the tip of the 
papilla, and which is in equilibrium with the urine emerging from the 
collecting tubule is lower than normal arterial blood. Clinically, it is 
possible that this regional hypoxia is a factor in the characteristic 
localisation of renal tuberculosis, and in the aetiology of necrotising 
papiUitis. 
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THE KIDNEY AND ERYTHROPOIESIS 

Anemia is a constant feature of renal failure and mainly due to 
depressed erytliropoiesis. Fig. 9.1 illustrates the average fall in 
haemoglobin plotted against the rise in blood urea in patients with 
chronic renal failure. On the other hand, it is well-established that 
about 10 per cent of patients with carcinoma of the kidney have 
polycythaemia and that on occasion a reversible polycythaemia 
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Fig. 9.1. Schema of the mean relationship between the haimoglobin concen¬ 
tration and the blood urea; individual plots show a considerable scatter. 

accompanies a hydronephrosis or polycystic kidneys. Some patients in 
the early stages of glomerular nephritis before the onset of renal failure 
may also have polycythaemia with enlarged red cell masses. Clinically 
therefore, it appears that loss of renal tissue is usually associated with 
a decrease in red cell formation, and an increase in renal tissue some¬ 
times associated with an increased red cell formation. The connection 
between hydronephrosis, polycystic kidneys and glomerular nephritis 
with erythropoiesis is totally obscure. 

Animal experiments have demonstrated that the kidney is respon¬ 
sible for a circulating substance which directly stimulates the produc¬ 
tion of red cells. This substance is generally known as renal erythro- 
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potetin to distinguish it from other erythropoietic factors produced at 
other sites The presence of renal erythropoietin can be delected in 
the blood of expcnmcntal animals Its rate of production depends on 
the presence of a certain quantity of renal parcnclij-ma regardless of its 
excretory efficiency. This has been shouai by companng one group of 
animals in which one kidney has been irradiated and the other has 
been removed, with another group in which one kidney has been 
irradiated but the other has been loft m place with the cut end of its 
ureter stitched m the peritoneal space The blood urea rose cquallj in 
both groups The animals with an irradiated contracted kidney and no 
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Tic 0 2 lllmtraUon of an cipmmwjt ilrnKwistrating that tl p fall m 1 xmo- 
glot n in renal failKrcu not due (o lh« acciimalation of waateproditeti 
Uight kidne) irradiated fOsne< 1959 ISnt meJ J ) 

Other renal substance became anTtnic Those with a simihrlj di^casctl 
kidncj but in whom the other kidney was present thougli excreting its 
unne into the pentoneal space did not become anxmic (Pig 9 2) 
It is probable tint in man the an'cmn of advanced renal failure is also 
due in part to a diminished circulating concentration of renal erythro¬ 
poietin In addition, however, there is mucli evnclcnce that in contrast 
to the rthtnclj acute experiments m animaU mentioned above, the 
biochemical changes associated with advanccil renal failure do affect 
crythropoiesis profound)} It has been showoi tliat crythropoicsis 
increases immcdiatelj after a dialysis and that if a patient is on 
adequate intermittent hxmoilial} sis there « such a persistent improv e- 
ment m crythropoiesis that it is rarely necessary to give rcpeateil 
tnnsCusions 
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Renal polycythsemia should be suspected in a patient whose 
polycythsemia is associated with a normal arterial saturation but with 
no increase in white cells or platelets and no enlargement of the spleen. 
If, in addition, there is an episode of haematuria the diagnosis becomes 
increasingly hkely. Occasionally there is a tendency to think that the 
hasmaturia has been caused by the polycythaemia when, in fact, it is 
due to the renal lesion responsible for the polycythaemia. About 1 per 
cent of all patients with an initial diagnosis of polycythaemia vera are 
subsequently found to have renal polycythaemia. A few of these have a 
palpable spleen, which is misleading. 
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THE KIDNEY AND HYPERTENSION 

TitERE are f»e important points to note when constdonnj the 
relationship between the kidney and hjTicrtcnsion 

(1) Renal mechanisms concerned with hjpertcnsion ha\e maml> 
been studied m animals bj partial!) occluding the mam trunk 
of one or both renal artencs 

(2) Partial occlusion of a mam renal artery in man causes hj-per 
tension 

(3) Renal disease m man is often assoaated with hj^crtcnsion 
particularly when disease occludes some of the larger mtrarcnal 
artencs 

(4) Hypertension in man causes occlusnc lesions of the renal 
artenal tree particularly the smaller artencs and artenoles 
and it also causes disturbances of renal function 

(6) There is as )et no oodcncc that essential hypertension in man 
18 due to renal d> sfunction 

EXPERLMENTAL HYPERTENSION 

Renal Hypertension 

It has been firmly established in cxpcnmcntal animals that partial 
occlusion of the renal artery is followcil b> h>T)crtcnsion In some 
animals both renal artencs must be oedud^ whereas in the rat it is 
sufficient tooedudeoni) one renal artery (Pig 10 t) Hypertension docs 
not appear to be due to renal ischxmia for jt can be induced b\ an 
ocdusion wludi docs not interfere wntli rcml blood flow An unchanged 
renal blood flow despite partial ocdusion of the rtnal artery may at 
first seem paradoxical but it is probably maintained by renal arcti 


BP't' BP NORMAL 

Ti* 10 1 llcnal 
tC7 



108 


THE KIDNEY AND HYPERTENSION 


latory autoregulation the phenomenon discussed in a previous 
section (p. 97). The hypertension is probably due to the fall in perfusion 
pressure, though there is also evidence that hypertension may follow 
a partial occlusion of the renal artery even if the occlusion is adjusted 
so that the mean renal arterial pressure distal to the point of occlusion 
remains unchanged. Renal artery occlusion causes the juxta glomerular 
apparatus to release renin into the general circulation which reacts with 
plasma angiotensinogen to form a vasoconstrictor angiotensin. There 
is no doubt that this mechanism can cause transient hypertension, 
but it is less certain that the maintained hypertension of renal artery 
occlusion is unlikely to be due to an increase in circulating angiotensin, 
for after a few weeks there is no evidence of an over active renin mech¬ 
anism. 

There are two other renal manipulations which cause a rise in blood 
pressure. One is known as vicious circle renal hypertension, and the 
other as renoprival hypertension (to distinguish them from the hyper¬ 
tension which foUows renal artery occlusion, i.e. renal hypertension). 
It is possible that the mechanisms which cause the blood pressure to 
rise in these manoeuvres may also be concerned in maintaining the rise 
in blood pressure which follows renal artery occlusion. 

Vicious Circle Renal Hypertension 

This form of hypertension is intimately connected with renal 
hypertension and occurs in the following circumstances. If renal 
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Fig. 10.2. Vicious circle hypertension. 
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hypertension is induced in the rat by occluding only one renal artery, 
the subsequent removal of the occlusion or of the occluded kidnev 
may or may not be follovscd by a return of the blood pressure to 
normal Tlie deciding factor is the extent of hypertensive vascular 
damage present in the untouclied kidney (Fig 10 2) Once again the 
mechanism responsible for the persistent hy-pcrtension is unknown 
As it IS related to the degree of vascular damage it has been suggcstcil 
that perhaps the mechanism is the same as in renal hypertension the 
occlusion being produced by hypertensive vascular changes throughout 
the periphery of the renal artcnal bed If such a self perpetuating 
hypertensive meclianism occurs in man it is clearly of the utmost 
therapeutic importance It has been suggested that the perpetuation 
of the hypertension is not due to an abnormality of the vessels of tlie 
untouched kidney but to an adaptation of the circulatory baro- 
receptors to the higher levels of artenat pressure Tins hypothesis has 
been eliminated by demonstrating that however long a nsc m blood 
pressure has been mamtamed by partially occluding one rcml artery 
It can always be lowered by removing the occlusion and excising the 
untouched kidney (Fig 10 2) 

Renoprival Hypertension 

As the name implies this form of hypertension follows bilateral 
nephrectomy It cannot therefore be due to any pressor substance 
elaborated by the kidney Tlie alternatives arc that it is due to |J) 
an extra renal pressor substance winch is usually dispo‘«cd of by the 
intact kidney (2) the absence of a vasodilator normally prtxluced by 
the kidney or (3) to salt and water retention due to inadequate dialysis 
Salt and water retention is probably the commonest cause Ncvorthi 
less it has been demonstrated that the medulla contains a substance 
which lowers the blood pressure and it has been claimed that hyper 
tension does not follow implantation of both ureters into the bowel (Fig 
10 3) or into the inferior v ena cava 
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Experimental Hypertension and Perirenal Compression 

If one kidney is surrounded by some hard unyielding substance such 
as colloidon, the blood pressure rises rapidly and the animal dies of 
malignant hypertension within a few days. The mechanism which 
causes this rise in blood pressure is totally obscure. It is not related to 
a decrease in pulse pressure for the diminished distensibility of the 
kidney in these conditions causes a pronounced increase in intrarenal 
pulse pressure. 

Experimental Hypertension and Adrenal Function 

Angiotensin not only causes arteriolar constriction but also stimu¬ 
lates the adrenal cortex to secrete aldosterone. Partial occlusion of the 
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Fig. 10 4 Relationship between plasma renin and sodium concentrations in 
253 patients with hypertension (Brown ef aj., 1965, Bnt. mtd. J.) 

renal artery is therefore associated with a raised concentration of 
circulating aldosterone, some degree of sodium retention, and a urinary 
leak of potassium. It has recently been established that the sodium 
retention (or perhaps the associated water retention) potentiates the 
effect of the angiotensin. This may partly account for the paradox 
that though partial occlusion of the renal artery causes a rise in arterial 
pressure which is initially associated with an increased circulating 
concentration of renin and angiotensin, later the pressure remains 
raised though there is now no evidence of an increased production of 
renin. 

It is also interesting that when sodium and water retention is 
produced by an excess of aldosterone secondary to a prolonged experi¬ 
mental infusion of angiotensin the concentration of plasma sodium 
falls whereas an infusion of aldosterone causes a rise in plasma sodium. 
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The most striking clinical counterpart of tJie cxpenmental findings 
is the severe secondary aldosteronism that accompanies the sudden 
onset of partial or complete oedurion of the renal artery. It can be so 
pronounced that the most prominent clinical feature may not be the 
rise in blood pressure but the thirst and pol 3 Tina caused b)* the negative 
potassium balance due to the renal loss of potassium 

In addition it has been established that in conformity with the fall 
in plasma sodium which accompanies an infusion of angiotenein, the 
concentration of plasma renin m patients suffering from hj'pertension is 
inversely related to the plasma ^lum concentration (Fig 10 4). The 
most sinking examples are patients with malignant hypertension w ho 
have a low concentration of plasma sodium and potassium and very 
high rales of secretion of aldosterone, often greater than in primary 
aldosteronism. 

Correlation Between Experimental and Clinical Findings 
Statistically it is evident that in man renal disease is associated with 
hypertension; it is not unreasonable therefore, to siKpect that somr, 
if not all, the renal mechanisms which have been sJiown to produce 
hypertension in animals may eventually be proied to have tlicir 
clinical counterpart. Some parallels can already be drawn 

Alterations in Pulse Pressure 

rollowing heemorrhage, or acute reductions of the extracellular 
volume by vomiting and diarrhoea, the pulse pressure dimmishes 
whether or not there is a fall in mean artcnal pressure; in these circum¬ 
stances the renin medianism is stimulated and the maintenvnee of the 
blood pressure is in part controlled by an increased quantity of circu¬ 
lating angiotensin. 

A reduced pulse pressure to the renal artcnal tree also occurs in 
coarctation of the aorta. In this imndition, though there is no endence 
that the renm mechanism is hyperactive or that the rate of renal hlootl 
flow’ is abnormal, it is nevcrtliclcss probable that the liv’ixTlcnsion is 
renal in ongin and that the stimulus to the kidney is the dimmislicd 
pul^c pressure. Unfortunately (he best evidence that the hypcrtcn*iKjn 
of coarctation of the aorta is renal is again cxpenmental It his been 
shoss-n that artificial “ coarctation " of the aorta m an animil only 
induces hypertension vshen there is a kidney below the " coirctation." 
and that the hypertension can l>e abolished by transplanting tfie 
kidney into the neck. 

Chronic anarmia provides a good example tint a reduced renal 
blood flow is an unlikely cause of hypertension, for the renal blood flow 
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may be decreased considerably, yet a raised arterial pressure is most 
unusual; the pulse pressure in anaemia, however, is much increased. 

Renal Hypertension 

Hypertension due to partial occlusion of one or both renal arteries 
is an exact clinical counterpart to the animal experiments. The 
mechanisms which cause the blood pressure to rise when there is a 
primary disease of the kidney is unknown. It is attractive to see an 
analogy with experimental renal hypertension, and in some conditions, 
e.g. renal polyarteritis or persistent pyelonephritis, it is possible to 
show unequivocal occlusive changes in the renal arterial tree. The 
difficulty about accepting this occlusive theory wholeheartedly is that 
occasionally severe vascular changes with extensive destruction of the 
renal parenchyma may be associated with a normal blood pressure. 
This is seen sometimes in young persons dying with small contracted 
kidneys, or at any age in renal amyloidosis. 

Vicious Circle Hypertension 

The mechanism responsible for this form of hypertension may 
aggravate every case of hypertension in man, but it is only possible to 
demonstrate its presence in patients suffering from hypertension and 
unilateral renal disease. In most of these, removal of the diseased 
kidney does not lower the blood pressure, and it is probable that this is 
because the hypertension has produced irreversible renal vascular 
changes in the opposite kidney. This interpretation is quite con¬ 
vincing, for when a unilateral lesion is of short duration the blood 
pressure often returns to normal following a nephrectomy. 

It is clear that if there is a strong suggestion that vicious circle 
hypertension occurs in unilateral renal disease, it is probable that the 
same mechanism perpetuates and aggravates hypertension in bilateral 
renal disease. 

Perirenal Compression 

Occasionally a perirenal hsematoma following an injury may cause 
hypertension. The arterial pressure rises within a few weeks of the 
accident but it can be lowered by removing the organising clot. 

HYPERTENSIVE VASCULAR DISEASE IN MAN 
Structural Changes 

Hypertension, however caused, eventually leads to changes in renal 
structure and function; the structural changes are sometimes known as 
nephrosclerosis. Initially these mainly occur in the vessels, but, as the 
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lesions progress there are secondaij ischrcmic changes m the nephrons 
The vascular changes may be eithericute or chronic The acute changes 
are found in assoaation wth malignant h)'pertensjon, the} consist 
of gross thickening of the intima of the smaller artents and focal 
necrosis of artenoles The chronic lesions are found main!} m associa 
tion wth non malignant hypertension they consist mainl> of a less 
marked thickening of the whole wall of the smaller arteries 

Acute Changes 

The most important change is a thickening of the mtima of the 
comparatively large intralobular aricnes so that their lumens become 
extremely small In >ounger patients this is due to a cellular hj^per 
plasia in which there is no collagen or clastic fibres In older patients 
It is due to an increased quantit} of fibro clastic tissue similar to that 
found in much smaller quantities m non malignant h} 7 icrtcn«ion 
There is little doubt that this subintimal proliferation is due directl} to 
the nsc m blood pressure Teleologically it is reasonable that the 
normal mechanism whereby the nse in blood pressure induces a renal 
functionalvasoconstnction (p 07)should bcrcmforced byastnjctunl 
narroinng but the exuberance of this support is sometimes lethal 

The other acute vascular change consists of localised areas of 
necrosis of the whole thickness and arcumference of an artcnolc 
These necrotic lesions contain large amounts of fibnn so that the 
change is often called hbnnoid necrosis 

Submtimal proliferation occludes the smaller artencs At first 
this produces only a thickening of glomerular capillary walls but 
subsequently the glomeruli atrophy and arc replaced b) collagen 
Artcnolar necrosis may be assoaated with focal areas of acute necrosis 
m the glomeruli which can be recognised as collections of structureless 
eosm staining matcnal containing disintegrating nuclei and narrow 
capillary lumens 

There is a strong suggestion that the pnnapal factor which deter 
mines whether the lesions accompanynng the nse in blood pressure arc 
acute or chronic is a difference m the state of the v esscis and not the 
height of the pressure TI c nature of this difference is unknown 
Acute cjianges are more likely if the rate of nse m blood pressure is 
npid or if the hypertension is initially caused by a renal disexse such as 
glomerular neplintis or pjeloncphntis 

Chronic Changes 

Tl e chronic vascular dinngcs which are found charactenstically m 
prolonged hypertension maj also be found in patients with norma! 
blood pressure There is a generalised narrowing of the artenoles an I 
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intralobular arteries with fibro-elastic tissue and the deposition of an 
eosinophilic structureless material. Gradually complete occlusion of 
the lumen may occur and a patchy ischaemia of increasing severity 
develops. This process may, of course, develop in previously normal 
kidneys, and may occasionally be severe enough to cause rened failure; 
but it also complicates most longstanding cases of renal disease, when 
it then contributes to, and accelerates, the kidney’s eventual destruc¬ 
tion. In the larger arteries these chronic vascular lesions eventually 
cause focal wedge-shaped areas of degeneration situated between 
relatively normal renal tissue. In the affected areas the glomeruli 
tend to be crowded together. The glomerular tufts show a diffuse 
thickening with collagen accompanied by a similar thickening of the 
glomerular capsule; eventually the collagenised tuft and capsule 
become fused, the capillary lumens are obhterated and the glomerulus 
is replaced by fibrous tissues. At first, the tubules between these 
glomeruli lose their lumens, but the cells show little change so that the 
glomeruli appear to be packed in solid wedges of relatively normal cells. 
Later the cells atrophy and there is fibrous tissue replacement. When 
these vascular changes are far advanced there may be no normal tissue 
left and it may then be impossible, histologically, to distinguish them 
from the end stages of such chronic renal diseases as glomerular 
nephritis or pyelonephritis, in which vascular changes are only a 
complication. 


Functional Changes 

The only consistent abnormality is in the handling of sodium 
chloride. Though patients with a high blood pressure are in normal 
salt balance they have a remarkable tendency suddenly to excrete 
abnormally large quantities of salt in response to certain stimuli, e.g. 
an osmotic diuresis induced by mannitol, the intravenous admini¬ 
stration of angiotensin, or certain emotional situations (Fig. 10.5). 
The cause of this phenomenon is not understood. It is not due to any 
abnormality in the extracellular fluid or blood volume. There is 
some evidence that it is related in part to the direct effect of the 
raised arterial pressure itself on the kidney (p. 69). In the early 
stages, before there is any marked change in renal blood flow or glo¬ 
merular filtration rate, it is sometimes possible to demonstrate an im¬ 
paired ability to dilute or alkalinise the urine. In addition many patients 
with hypertension have an impaired ability to excrete uric acid which 
causes a rise in serum uric acid. This phenomenon is associated with a 
higher incidence of cerebrovascular and ischaemic heart disease. None 
of these abnormalities of tubular function has been explained. 

Otherwise essential hypertension initially causes little disturbance 
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Tic 10 S The effect on unne flow of (I) catheleti* nj* the \ la Ider and (2) a 
bnef intemevr vriUi a tutgeon tn a patient euffering from hNfertens on 
The sudden increases tn unse flow were due to sudden iscreaies m 
sod um excretton (M tes and dc Wardener 1053 Lancet ) 

m renal function renal blood flow measurements show renal \*aso- 
constnction with i nonml ntc of flow while complc’c and speculatuc 
calculations suggest that the efferent glomerular artenolc constnets to 
a greater extent than the afferent and that this is one of the reasons 
why glomenilar filtration rate also remains unchartgctl Renal biopsies 
at tins time show no abnormalitj of structure GraduaH} renal blooil 
flow and glomerular filtration decrease the latter ahtnj-s to a lesser 
extent than the former small amounts of protein appear in the urine 
and there is some diminution of the ability to concentrate, at this stage 
renal biopsies show h5’pcrtcn5iae vascular clianges wath scattered local 
changes m the glomeruli Unless malignant hj-pcrlcnsion superaenes 
it is unusual for thc^ changes to become sufTicicntlj extensu t to cauvj 
sj-mptomatic renal failure \\ith malignant hj*pcrtcnston proteinuria 
increases and tlic unne contains manv rctl cells and granular casts 
tubular capacitj to concentrate is lost renal blood fiow ami glomcnilir 
filtration ntc fall precipitously and rend failure rapidly dewlops II 
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the blood pressure can be lowered without immediately aggravating 
the renal failure most of the acute structural and functional changes 
disappear. 


UNILATERAL RENAL DISEASE ASSOCIATED 
WITH HYPERTENSION 

The importance of this group of patients is that in a few the hyper¬ 
tension may be due to the renal lesion, and that nephrectomy, or 
correction of an obstruction or by-pass of a renal arterial occlusion may 
cure the hypertension. On the other hand, only approximately 0-25 per 
cent of all patients with a raised diastolic pressure are found to have a 
unilateral renal lesion which surgery can benefit. It is also important to 
note that demonstrable partial occlusion of the renal artery may not be 
associated with hypertensionor that if partial occlusion of the renal 
artery is associated with hypertension, the occlusion may not be its 
cause. Occlusion of the renal arterial tree may be either in the main 
renal artery or its main segmental branches before they enter the 
parenchyma of the kidney, or in the smaller arteries within the renal 
parenchyma. The lesions in the main artery and its branches include 
atheromatous plaques, '* fibromuscular hyperplasia,” aneurysm and 
embolisms, and external compression from a tumour. Parenchymatous 
renal lesions include chronic pyelonephritis, irradiation of the kidney 
and tuberculosis of the kidney. 

Clinical Features 

On the whole there is Httle to distinguish these patients from the 
other 99-75 per cent of patients suffering from hypertension. There may 
be a recent history of abdominal trauma, emboli or thrombi in other 
sites, or of pain in the flank or loin. The diastolic pressure may have 
been noted to rise rapidly and the patient may complain of thirst and 
polyuria. Stenosis of the renal artery is sometimes associated with a 
systohc murmur which is heard best posteriorly over the affected 
artery. There is also a slender statistical connection between occlusive 
disease of the renal arteries, a negative family history of hypertension, 
an onset of hypertension under 30 years or after 55 years of age, and the 
presence of proteinuria. 

Renal Structure 

The characteristic appearance in the parenchyma is best seen in 
occlusion of the main renal artery or its branches. The tubules become 
small with narrow lumens and shrunken cuboidal cells. The glomeruli 
remain relatively unchanged but are crowded together because of the 
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tubular atrophy On the other hand, the artcnolcs are normal in 
sinking contrast to the artcnolcs from the opposite kidnej which is 
being perfused nith a raised artcnal pressure 

Renal Function 

Expenmentally partial occlusion of a renal arter> perfusing func 
tioning renal parenchjina causes a vanable fall in renal plasma flow and 
glomenilar filtration rate Tlie most charactenstic change however is 
a great increase m tubular reabsorplion of sodium m the proximal 
tubule Tliib IS probabl 5 due to the lowcnng of the pcntubular venous 
capillary pressure (p 70) Tlie increase in sodium reabsorption 
causes a marked increase in water rcabsorption from the proximal 
tubule Tins has two conscijuenccs it reduces the unne flow and raises 
the concentration of those substances in the tubule lumen which arc not 
reabsorbed i e creatinine mulin PAH or Hj'paquc A kidnej being 
perfused by a partially occluded renal artery therefore wall produce 
unne at a slow rate which nevertheless contains a lower concentration 
of sodium than that from the opposite kidnc> but a higher concentre 
tion of creatinine mulin or PAH Clcarl> the pattern is onl> discernible 
if the process is unilateral or at least more pronounced on one side 
than the other If this phenomenon can be demonstrated it is htghl> 
probable that a considerable proportion of functioning proximal tubules 
arc being perfused at a low pressure It is then justifiable to implv that 
a similar proportion of functioning juxta glomerular apparati are also 
being perfused at a low pressure and to conclude therefore tint at least 
part of the hypertension is probably due to partial occlusion of the renal 
arteries The opposite also holds Tlic unequiv-ocal demonstration of n 
unilateral renal abnormality or renal artery stenosis in the absence of 
this charactenstic functional pattern implies that cither the occlusion 
to the rcnil artcncs is not suffiaent to lower the perfusion pressure or 
that the low perfusion pressure is not affecting functioning proximal 
tubules and therefore functioning yuxta glomerular apparati 

Diagnosis 

Tlie methotis available include an intrav cnous pyefogram (T P) 
aortographv indivndml renal functional studies renal biopsv isotope 
renogram and renal v cm remn concentration Tlieintcnuty mthwhich 
these techniques arc used depend on how suggestive are the clinical 
features the age of the patient and what it is considered it might be 
appropriate to do if occlusive renal artenal disease vxTie found 

/ r P Uisimpcrativcthatanintravenouspyelogrembepeffonned 
on any patient in whom one or more of the chmcal features described 
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above is present. An I.V.P. in such a patient must be performed with a 
rapid infusion of contrast medium and the taking of films at 15 sec., 
1, 2 and 3 min. after the injection, in addition to the other films taken 
at 5, 10 and 20 min. Ureteric compression must not be used during the 
first few minutes. If there is unilateral occlusion of the renal arterial 
tree the contrast medium appears first in the pelvis and ureter of the 
unaffected kidney, and in the first few minutes the contrast medium 
on the affected side is less dense than on the " normal ” side. This is 
due to the slow urine flow and reduced glomerular filtration rate of the 
affected kidney. Ten to 20 minutes later, however, the picture is re¬ 
versed. Because of the increased sodium and water reabsorption which 
accompanies the vascular occlusion the contrast medium on the affected 
side is’ now denser than on the normal side. At this time it is possible to 
compare the lengths of the two kidneys; a difference greater than T5 cm. 
is abnormal and nearly always accompanies an occlusion of the renal 
artery. 

These characteristic findings can sometimes be made more distinct 
by performing the pyelogram during a water of a urea-saline diuresis. 
If the I.V.P. is normal and the clinical features not particularly sug¬ 
gestive of occlusive arterial disease no further test need be carried out. 

Aortogram. It is doubtful if this should be performed unless there 
is very strong clinical suspicion of a renal vascular cause for the 
hypertension or the intravenous pyelogram suggests that it is a likely 
possibility. 

Individual renal functional studies. Ureteric catheters are introduced 
via a cystoscope into each ureter and urine collected from each kidney 
during the intravenous administration of urea, saline and vasopressin. The 
characteristic finding is that the affected kidney has a urine flow 50 
per cent less than on the other side, with at least a 20 per cent increase 
in creatinine concentration and a 20 per cent reduction in sodium 
concentration. 

This test need only be performed when [a) the I.V.P. and aortogram 
suggest that there is occlusion of the renal arterial tree but the pattern 
of change in the I.V.P. does not define the characteristic functional 
abnormaility sufficiently well, and {b) if there is some doubt about the 
functional capacity of the opposite kidney. Individual renal studies 
are difficult to perform in a reliable way and can give rise to painful 
complications. They should be avoided as much as possible. 

Renal Biopsy. If this test is used a sample should be obtained from 
both sides. It is the contrast between the two sides which is diagnostic. 

Isotope Renogram. The popularity of this test in the diagnosis of 
occlusive vascular disease is due more to its convenience than to its 
reliability. 
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Renin concenlralim in the renal tein. Blood is obtained from both 
renal veins. Occlusive renal arterial disease is reported to be associated 
with raised concentration of remn in the venous blood from the a^cctcd 
side Tills seems a most definitive test but unfortunately as very fen 
centres can measure renin accurately it value is still to be established 

Treatment 

If the patient is young and the disease is unilateral it is justifiable 
to attempt either to correct or by-pass the occlusion or to perform a 
nephrectomy. In the majonty of instances, however, the patients arc 
middle-aged or elderly and the cause of the occlusion is atheroma. Tlic 
proper treatment is then less obvnous If the hj-pcrtcnsion can be con¬ 
trolled satbfactonly with hypotensive drugs it is debatable whether the 
patient should be subjected to an operation 
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NOR>tAL CONTROL OF THE VOLUME AND 
CONCENTRATION OF BODY FLUIDS 

Water is added to body flmds pnncipally by oral intake, but tlicrc 
IS also a small contnbution of 200-300 ml a day which is an end 
product of metibohsm Water is lost \Ta the skin, lungs and kidneys, 
loss from the gut is negligible unless there is vomiting, diarrhora or a 
fistula The intake of water is controlled by tiiirst, while its output is 
adjusted by the kidncjs, the amount of water lost from the skin and 
respiratory tract is mainly dependent on atmospheric conditions and 
is thus bejond the body's internal authority 

Thlnt 

The sensation of thirst appears to originate in the hypothalamus. 
It IS influenced by a wade variety of factors, the two most important 
being the osmolabty of the extracellular fluid, and the blood volume 
Tlie first can easily be demonstrated by administering hj-pertonic 
saline, and the second by performing a substantial venesection It is 
probable that the tlurst centre is directl} stimulated by changes in 
osmolality, but it is not known how it is aware of dianges in blood 
volume 

Renal Confrol of Extracellular Fluid TORldty 

Tlic control of water output by the kidney is intimately connected 
with the control of sodium chlondc excretion, both varjnng wnlh the 
need to keep the toniaty of body fluids and the blood v olumc wnthin 
normal bmits It is probable that the osmolality of the intra- and 
extracellular flmds is the same, so that U is possible for the kidnej 
to mimtain tonicity of body fluids simply by adjusting the osmobhty 
of the cxlraccllular fluid Tlieorclically tins could be aclucvcd by 
altering the unnarj' excretion of cither water or salt, but in practice 
it IS done mainly by altenng the exaction of water Tlie ncuro* 
hj'pophj'sis responds to changes m plasma osmolality bj rapid altera¬ 
tions in the nte at whieJj the antidiuretic honnone (M3lf) is secreted 
into the circulation, and ADH in tom controls the concentration of 
the untie and therefore, the volume of unne that is excreted Tor 

t* »*« 1 
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instance, a drink of water lowers plasma osmolality; this inhibits 
ADH production by the neurohypophysis and within 20-30 minutes 
the urine becomes hypotonic, whereas with fluid deprivation and a 
rise in plasma osmolality the mechanism is reversed. 

Renal Control of Extracellular Fluid and Blood Volume 

Changes in blood volume induce alterations in both sodium and 
water excretion. It is clear that if the tonicity of body fluids is to 
remain constant the ratio of salt to water released or retained must 
be in isotonic proportions. This synchronisation of the different 
mechanisms which control salt and water excretion can be demonstrated 
by bleeding a normal subject, when there is a prompt and simultaneous 
decrease in both salt and water excretion; or, conversely, by ad¬ 
ministering blood or a “ plasma expander ” such as albumin when 
there is a simultaneous increase in salt and water excretion. 

The efferent mechanism responsible for changes in water excretion 
consists mainly in altering the rate of secretion of antidiuretic hormone 
(ADH); those mechanisms responsible for the changes in salt excre¬ 
tion are more obscure. There is now considerable evidence that changes 
in sodium excretion which originate from a change in blood volume 
are due almost entirely to changes in tubular reabsorption of sodium. 
When blood volume changes are rapid, the mechanisms responsible 
for this diminished tubular reabsorption include changes in peritubular 
venous capillary pressure (p. 70), and changes in the circulating 
concentration of an unidentified hormone. When blood volume changes 
are more prolonged, changes in the circulating concentration of 
aldosterone become important. 

The afferent stimxflus produced by a change in blood volume is 
generally considered to be a change in pulse pressure in vascular 
compartments from the walls of which afferent impulses travel centrally. 
The carotid baroreceptors have been shown to be such a site for 
the control of aldosterone secretion. It is not known where the afferent 
stimuli originate which control ADH secretion. 

GENERALISED (EDEMA 

Generalised oedema is due to retention of salt and water by the kid¬ 
neys. This occurs in cardiac failure, malnutrition, the nephrotic syn¬ 
drome and chronic liver failure. It seems that salt and water retention in 
all these conditions is due. La part at least, to the same mechanisms which 
cause a decreased salt and water excretion when the blood volume 
is reduced. There is a reduction in blood volume with malnutrition, 
the nephrotic syndrome and chronic liver failure. In cardiac failure. 
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however, the Wood volume is usiiill} greater than normal and some 
otljcr afferent stimulus must be msolved It docs not appear to be 
anoxaania or raised venous pressure The most ilhclj lij'pothcsis for 
which there is as jet little c\ndcncc js that when the heart fails this 
IS 1 cliange m the impulses coming from afferent fibres situated m 
the mjocardium and that these are due to alterations in pulse pressure 
\nthm the chambers of the heart It is suggested that these impulses 
then traicl to the same centre in the central nervous sj-stem which 
controls salt and water excretion in response to changes in blood 
\ olume A high unnary excretion of aldosterone has been demonstrated 
in the nepbrotic sj'ndrome cardiac failure and chronic liver failure 
Nevertheless there is evidence that m these conditions other unidcnti 
fied salt retaining mechanisms are also active 

There is a considerable amount of cvndence to demonstrate that 
aldosterone is a minor factor w the tj^pe of salt retention which leads 
to cedema (i) There is no cedema in primary aldosteronism (ii) In a 
normal subject sodium retention ceases after 3-10 days of continuous 
aldosterone administration (ui) Cardiac failure wath cedema can 
occur after total bilateral adrenalectomj (iv) Inhibition of aldosterone 
secretion wnth amphenone or aldosterone antagonists such ns spirono 
lactone often fail to produce a diurcsu in patients wnth redema 
Convcrsclj the intravenous administration of saline in large amounts 
to patients wnth Addisons disease maintained on Do fluorohjdro* 
cortisone (a potent sodium retaining steroid) produces a salt diuresis 
indicating that tliere is a mechanism which releases salt which can 
ov creome the effect of salt retaining steroids 

In the three conditions m which there is a negative protein balance 
1 c malnutrition the nephrotic sj'ndrome and chronic hv cr failure 
the reduction m blood volume is due to the diminution in the total 
number of plasma protein molecules as then less water can be rctainnl 
within the vasailar compartment It follows that e\ cn if the v olume 
of extracclluhr fluid remains uncliangcd a greater proportion wall he 
in the intcrslUial space If at the same time the concentration of 
phsma proteins falls (which is usuallj docs) and the plasma protein 
osmotic pressure is reduced there « an increased filtration at all 
surfaces and the partitioning? of water and salt between the 
intcrstitnl fluid and the vascular compartment is again disturbed so 
that there is an increase in the volume of interstitial fluid Wien the 
volume of interstitial fluid readies a certain level it becomes dmicallj 
evadent as cedema Tig H I illustrates the scliologj and probable 
mechamsms responsible for generalised cedemi 

It is necessary to mention that minj patients suffrnng from 
generalised etdema have n reduced renal b’ood flow and glomerular 
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filtration rate, and at one time it was suggested that the diminished 
salt excretion was directly related to the decreased filtration rate. 
This hypothesis was consistent with much animal work, particularly in 
dogs, in which it seems beyond doubt that acute changes in filtration 



for generalised oedema. 

rate are responsible for striking changes in salt excretion. But it is 
now clear that prolonged changes in glomerular filtration rate, such as 
are found in cHnical conditions, are of not great consequence to the 
excretion of electrolytes. For instance, the removal of one kidney is 
followed by a normal electrolyte balance, although the filtration rate, 
in spite of compensatory hypertrophy of the remaining kidney, remains 
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lower than before Patients with cardiac failure have been observed 
to have a diuresis of salt and water before any cliange is apparent in 
the renal blood flow or filtration rate, and a similar dissoaation has been 
reported in patients recovering from acute nephntis Again, patients 
with advanced renal disease frequently have a filtration rate vvhicli is 
less than 10 ml per nun and may yet be m normal salt and water 
balance 
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THE NEPHROTIC SYNDROME 

A NEPHROTIC* syndrome is a clinical state in which there is a 
combination of oedema, proteinuria and hypoproteinaemia, irrespec¬ 
tive of aetiology or any other clinical features. This definition stresses 
the occasional clinical similarities of many unrelated diseases, for the 
nephrotic syndrome may occur in any of the following conditions: 
glomerular nephritis, amyloid disease, diabetes, polyarteritis nodosa, 
chronic pyelonephritis, disseminated lupus erythematosus, thrombosis 
of the renal veins, the administration of certain drugs such as troxidone 
(Tridione) and mercury, (teething powders or diuretics), and with 
anaphylactoid purpura; it may also occur as a congenit^ condition. 

Structured Changes 

The changes depend upon the aetiology of the nephrotic syndrome. 
Biopsy studies with the light microscope have shown that the nephrotic 
syndrome can occur without any changes in the glomerulus. Observa¬ 
tions with the electron microscope, however, have shown that even in 
those biopsies in which there are no changes to be seen with the light 
microscope there are unequivocal alterations in the cytoplasmic 
extensions of the epithelial cells (p. 3), and in the basement membrane. 

The tubule changes vary widely; they are not marked in the 
proximal tubules. Some are dilated and lined with flattened pale cells 
with poorly staining nuclei, while others appear to be occluded by large 
swollen tubule cells containing vacuoles and much fatty material. 
Often there are no changes apparent on light microscopy. 

* The term " nephrosis ” is gradually becoming extinct. Clinicians have continually 
disagreed on an exact clinical de fini tion, and pathologists have used the word in a 
morphological sense to describe any " degenerative " condition of the kidney which they 
found difficult to classify. Jean Oliver’s well-known broadside against the use of the 
word " nephrosis ’’ begins . . that et 3 nnologically absurd and conceptually obfus- 
catory term nephrosis." He continues: " This curious barbarism was introduced by the 
clinician Friedrich Muller, apparently because to his ear ‘ osis ’ had the proper anti¬ 
thetical ring to ‘ itis ’ and so seemed appropriate as a sort of counter-term to nephritis. 
The suffix ‘ osis ’ had at the time an accepted meaning, ‘ to be full of,' as in lipoidosis 
or carcinomatosis, so that by all the custom and usage of medical nomenclature nephrosis 
means ‘ full of kidney.’ On this etymologically nonsensical basis an elaborate super¬ 
structure of vague and varied conceptual meaning has developed. . . .’’ 

At the moment " a nephrotic syndrome ’’ has an accepted and precise clinical 
definition. For this reason the term " nephrotic syndrome ’’ has been used here, but 
perhaps in time it will be described by a more rational substitute such as " proteinuric 
hypoproteinaemia.” “ Protein losing kidney ” has also been suggested. 
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Functional Changes 

In addition to cedema. proteinuna and hjTXiprotcmTmia, (he blood 
Jipjds arc usually raised and the serum calaum reduced, and (here ma}' 
be changes in renal function 

(Edema is due to the contraction of the blood wlume and the 
diminished plasma protein osmotic pressure, and both stem from a 
decreased quantity of circulating plasma proteins It is sometimes 
possible to observe over a prolonged pen^, a plasma albumm con 
centration of less than 1 g/lOOm) in }oung patients uho haic httic 
or no oedema Such patients’ kidnej*s ate dearly not retaining sodium 
Tlie absence of cedema in such patients illustrates nicely tlie tm lal im 
portance of the plasma protein osmotic pressure on the formation of 
oedema Presumably in such patients llic increased capillary filtration 
uhich must accompany the fall m plasma protein osmotic pressure i$ 
compensated for, cither by some pcnphcral I'ascular adjustment which 
causes a fall in hj drostatic capillary pressure, or the l>'mphatic sj'stcm 
drains away the increased formation of interstitial fluid 

As the plasma proteins are quahtatiicly normal the protein dis 
turbance is simply one of negatiie balance, this is also shown b> (he 
marked diminution in muscle protein, ivhich is manifest as musde 
wasting The possible mechanisms for the negalne protein balance 
are (i) loss of protein m the unne. (u) increased protein breakdown, 
and (m) decreased protein sjTithcsis TTierc is certainly proteinuna so 
the problem is narrowed down to whether it is the only cause of the 
negatiie protein balance or whether there is, in addition, increased 
protein breakdown, or decreased protan s>Tithcsis It appears from 
isotope studies with iodine labelled albumm that m some cases there is 
inde^ an increased rate of protem breakdoim though m others it may 
be normal or low Protein synthesis has also been found to be s^anable 
Tlie most ojdcmatous patients often hai-c a high unnarj excretion of 
protein together wnth an increased breakderwn and a diminished 
sjTithcsis 

The cause of the proteinuna is also m doubt The possibilities arc 
either an increased glomerular capillary permeabnity or a decreased 
capaaty of the tubules to reabsorb protan Tlierc is some evidence 
that though occasionally tliere is a suggestion of impaired reabsorption, 
usually protanuna is due to maeased glomerular permcabthlj 
Assuming this to be correct, it follows that the increased quantitj of 
protem which leaks into the tubule probiblj prosokes Uie tubular 
protem reabsorbing mechanisms to increased actinty, and it is general]) 
thought that it is this increased quanUty of pnitem contmuoudy pas-ong 
through the tubular cells which causes the structural tlianges m the 
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tubules. Proximal tubule fluid in the dog contains an average of 
6 mg./lOO ml. of albumin. Assuming the same concentration in man, 
and a total 24-hour glomerular filtration rate of 180 litres, there is 
normally a tubular reabsorption of protein of less than 10 g. per day. 
But when the permeability of the glomerulus increases, tubular re¬ 
absorption of protein also increases. As the passage of the albumen 
through the tubule cell almost certainly involves some fragmentation 
of the molecule it is clear that an increased tubular reabsorption of 
albumen may be one important cause of increased protein breakdown. 
This is probably one reason for the recurrent finding of hypoproteinsemia 
in a patient with a relatively low urinary loss of protein, i.e. less than 
5 g./day. 

The proteins that appear in the urine are qualitatively the same as 



Fig. 12.1. Relation between reduced serum albumin concentration (abscissae 
g./lOO ml.) and daily albumin losses in urine (ordinates g./Kg. body 
weight). (Squire, Blainey and Hardwicke, 1957, Brit. rued. Bull.). 

those in the circulating blood and in oedema fluid, but the proportions 
are different. Albumin, having a smaller molecule, is excreted in 
relatively much greater amounts than globulin, though small globulins 
account for 30-40 per cent of the proteinuria. The consequences of the 
loss of globulins are not clear, but globulins are known to be associated 
with the activity of certain enz 5 mies and vitamins, and the carriage of 
some tracer metals. The loss of gamma globulins may be a factor in 
the well-known liability of the nephrotic patient to infection; it is also 
theprobable explanation why immunisation procedures for poliomyelitis, 
influenza, tetanus or diphtheria often do not produce satisfactory levels 
of antibody. Plasma proteins show a diminution of all fractions except 
02 globulin, which is markedly increased. The relation between urinary 
excretion of protein and plasma albumin concentration is shown in 
Fig. 12.1. The loss of nitrogen in the urine is not only in the form of 



protein, occasionally tlie loss from aminoaaduna ma) account for a 
tlnrd of the total 

The quantitj of protein that is excreted, if expressed in terms of its 
clearance (j c the amount of protan excreted per minute dmded by its 
plasma concentration) correlates well with its molecular weight; the 
smaller the molecular weight, the greater tjie clearance In some 
patients the clearance of large molecular proteins, when compared to 
the simultaneous clearance of small molecular proteins is greater than 
m others Those in whom the clearance of large molcailar proteins 
IS high arc defined as ha\ang a * non sclectu e ” proteinuna The 
semantics arc unfortunate, for dearly the proteinuna cannot select 
an>thing Tlie quantitatixc pattern of the proteinuna or its *’ select- 
mty *■ must den\c from the disease process m the kidne>, and in fact 
there is some correlation between the * selectivity ” of the proteinuna 
and the biopsj findings As might be expected patients w hose hidncj s 
have insignificant histological changes tend to have ' highly ^cctivc " 
proteinuna, and those m whom there are unequivocal histological 
abnormalities usually have non-sc!ectivc ” proteinuna Tlie " select 
mtj " of the proteinuna is unrelated to tiic total amount excreted per 
day, it remains unchanged dunng wide fluctuations m protein excretion, 
and It docs not change as the disease progresses 

With low concentrations of plasma albumin the total scnim calaum 
IS reduced, but often the concentration of ionised calaum also tends to 
be lower than normal, and diddnrn maj develop tetanj The reason 
for the reduction in ionised calaum w unhnoim, it is probabl> due 
to diminished calcium absorption Most patients also have some degree 
of potassium dcfiacnc), though usual]} this is not sufficientl} severe lo 
ca»«c s}Tnptoms This dcfiacnc} is due to an increased unnary loss 
of potassium ^econdarj to the increased aldosterone secretion, and to 
a diminished dietary' intake of potassium because of anorexia. 
Potassium dcfiaency is liable to become sev ere dunng treatment wath 
resins, diuretics or steroids (sec below) 

All degrees of renal functional cITioenc} or impairment are seen 
walh the nephrotic sjoidromc Some patients, particubrl} cluldren, 
have a raised renal blood flow and glomerular filtration rate, while 
.rvtlvi'y f s/ •tavlns?' Ttreauv .the .u'yuvU.'j* 
nitrogen balance the concentration of urea m the blood may be much 
lower than is expected from the rate of glomerular filtration, this 
can be very misleading if renal function is being judged only b> 
estimations of the blood urea On the other hand, it is important to 
rcmcmlier that patients walh hcav} proteinuna hav e particularly high 
creatimne to inuhn clearance ratios, and that in sucli patients a crea¬ 
tinine clearance ma} be more than dmiWc the true glomerular filtration 
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rate. In those patients who have a supernormal filtration rate, very 
low concentrations of blood urea (10-16 mg. per 100 ml.) are seen. If 
the deterioration of renal function is gradual, proteinuria sometimes 
diminishes and the oedema recedes. This is presumably because the 
rate of protein excretion is proportional to the filtration rate, and if 
this falls sufficiently the negative protein balance ceases. More often, 
however, as renal failure advances proteinuria and oedema remain 
unchanged. 


Clinical Picture 

The incidence of the nephrotic syndrome in relation to age and sex 
depends largely on its aetiology. The cases can be divided into those 
in whom the renal lesion is primary and those in whom it is only a 
feature in a more generalised disease. The primary lesions are more 
common in men and the majority occur under the age of 60; whereas 
when the lesion is a feature in a generalised disease the patients are 
equally distributed between the sexes. 

Whaitever the cause of the nephrotic syndrome the onset of csdema 
is usually gradual and fluctuating. At first there is occasional swelling 
of the ankles in the evening, or of the face in the morning. There may 
be transient attacks of more obvious oedema which rapidly disappears. 

Eventually, after an interval of weeks or months, oedema persists and 
recovery from each exacerbation is less complete. When the condition 
is advanced the accumulation of fluid appears to be controlled only by 
the skin’s hmited ability to stretch. The legs and arms are unsightly 
lobulated balloons, shiny and pale; the abdomen protrudes both with 
oedema of the subcutaneous tissues and ascites; the face is spherical, 
bloated and disfigured particularly by circumorbital oedema, the eyes 
becoming pink pustular horizontal shts between distended eyelids. 
Pleural effusions are present, and oedema of the scrotum or vulva may 
produce huge sweUings. The oedema is always soft and pits easily with 
little pressure. 

As the oedema appears there is an increasing feeling of lethargy and 
weakness; and when there are pleural effusions there is dyspnoea. 
Headache is common and, for reasons which are not understood, 
patients with the nephrotic S 5 mdrome frequently have recurrent 
“ colds ” which, though they rarely mature beyond a sore throat and 
transient nasal obstruction, are often associated with an acute exacerba¬ 
tion of oedema and proteinuria. Bacterial infections also occur frequently 
and affect principally the skin, the lungs and the peritoneum. When 
ascites is present there may be sudden attacks of abdominal pain 
simulating bacterial peritonitis, but laparotomy shows only a few 
strands of fibrin and sterile fluid; the pain settles gradually after 
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operation Anorexia and diarrhoea frequently occur and although 
c^enn of the stomach and intestinal mucosa maj bo pirtlj responsible 
for both it IS clear that the anorexia is also due to the state of ad\ anced 
malnutrition Tlie latter is probably also (he cause of (i) the lowered 
basal metabolic rate for the thyroid gland function has been found to 
be normal and (ii) the occasional presence of anxmn in the absence of 
renal failure 

The combination of anorexia increased secretion of aldosterone 
treatment with adrenal steroids and the use of diuretics {particularlj 
chlorothiaride) may sometimes cause severe potassium dc/icicncj «ath 
depression of glomerular filtration rate and functional disturbances of 
the tubule (p 198) 

II)poproletnamia is due to a fall tn the albumin fraction and 
albumen concentrations bcloiv 1 g per 100 ml are sometimes seen Tlie 
concentrations of the globulins however are liable to increase (except 
for gamma globulin) and if only (otal proteins arc estimated maj 
disguise the seventj of the decrease in albumin concentration Never 
thcless because the globulin molecules arc larger and hcavacr than 
those of albumin the plasma protein osmotic pressure falls There ts 
a rough correlation between the appearance of cedema and the plasma 
albumin concentration the dividing tine being about 2 S—3 0 g 
per 100 ml 

JJypercholeslerolamta is usually of the order of 400 COO mg per 
100 ml although concentrations abov e 1 000 mg per 100ml havebwn 
recorded During rcmissioasof oedema or following complete recovery 
even when the plasma protein concentrations have returned to normal 
blood cholesterol values may remain ratsed for a matter of months and 
only slow 1) return to normal 

Froleinuna usually exceeds 6 g per da> and clnractensticallj 
fluctuates Widely from day to day being particularly sensitive to 
posture- and exercise daily excretions of up to TO g arc sometimes 
seen buttheusuaIrateisabioutl(>-ir»g perday itishrgcly independent 
of the rate of unne flow The duly unne vxilumc obviously depends on 
vvjiether ordema is forming remaining unchanged or lx“ing evacuated 
Glycosuria is often found and microscopy shows the presence of fattv 
casts and doubly rcfraclile lipid bodies 

Plagoosis 

The fact that a patient is suflenng from a nephrotic symdrome is 
easy to observe its cause may be more difRailt to ascertain It is 
suspected from the attendant arcumstances and some 1 clp can be 
obtained from renal biopsy Often the correct diagnosis ts only 
obtained m retrospect or at autopsy 
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Prognosis 

The course of the nephrotic syndrome largely depends on its cause; 
it varies from complete recovery to death from renal failure; it may 
last only a few weeks or, with remissions and relapses, up to 20 years. 
In general, the prognosis is better in women than it is in men, and in 
the young rather than the elderly. Remissions of oedema may occur 
at any time and may last several months, with persistent proteinuria 
as the only evidence of disease. Sometimes such a remission may appear 
complete, with no protein in the urine and yet relapse takes place 
several years later. Renal failure, hypertensive cardiac failure with 
malignant hypertension and intercurrent infections are the usual causes 
of death. There may be periods of transient hypertension and micro¬ 
scopical hsematuria, but these signs, unless they are persistent or 
severe, do not necessarily imply advancing destruction of the renal 
parenchyma. Conversely, gradual structural obliteration often takes 
place without proteinuria diminishing. Renal biopsy may establish 
the diagnosis. It is of little help in prognosis. 

Treatment 

The many varieties of treatment of the nephrotic syndrome are 
illustrated in Fig. 12.2. The conditions which give rise to the S 3 mdrome 
are listed at the top and the sequence of disturbed physiology which 
follows is shown below; the aim of the treatment can be looked upon 
as cutting across a chain of events at different levels. 

Treatment of the Initiating Condition 

This is rarely successful. Cessation of troxidone administration, or 
the surgical removal of a septic focus, which is giving rise to renal 
amyloidosis, are two exceptions. Unfortunately, the primary cause of 
the nephrotic syndrome is seldom amenable to treatment, and usually 
therapy has to be aimed at a lower or more symptomatic level. Such 
sjonptomatic treatment, however, is occasionally followed by a long- 
lasting remission or even complete recovery. 

Treatment of the Proteinxuia and Increased Aldosterone Secretion 

The administration of adrenal steroids causes a rapid diminution in 
proteinuria and aldosterone secretion, and there is a large diuresis and 
loss of oedema. Presumably the diminution in proteinuria is due to 
some alteration in glomerular permeability, and the decrease in 
aldosterone secretion to inhibition of adrenal function. The following 
account of the use of prednisone is mainly applicable to patients suffering 
from a nephrotic syndrome due to glomerular nephritis. The dosage 
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gi\ cn and tlic results obtained arc different in children and aduU« they 
are therefore considered scpiratclj 

Adrenal Steroid Therapy In Children It is claimed that the best 
response is obtained with a cry large doses The aim is not onlj to get 
nd of the tedema but also to mate the wnne free of protein At the 
onset the cliild is put to bed for one weeh No treatment is giicn for 
this period unless a coincident infection has to be controlled Ver) 
occasionally there is a spontaneous diuresis and protcinuna maj 
disappear or dimmish greatly If protcinuna is then less than 1 g /day 
no further treatment is required but careful supcnasion should conimue, 
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for severe proteinuria usually recurs within two years. Treatment with 
steroid is divided into three stages: (i) treatment of the first attack, 
(ii) treatment of a recurrence, and (iii) prolonged treatment. 

Treatment of the first attack is planned to last 4-8 weeks. As very 
large doses of steroids are administered it is advisable to keep the 
child in hospital. Care should be taken, however, to keep him away 
from others with septic conditions such as eczema and tonsillitis. 
At first prednisone 2 mg./kg. per day (approximately) is given up to 
a maximum of 100 mg./day. This dose is continued for 10 days and 
then gradually reduced over the next 4-5 weeks. In a child weighing 
30-40 lb. the following course can be given; 60 mg./day for 10 days, 
40 mg./day for 10 days, 20 mg./day for 10 days and 10 mg./day for 
10 days (Fig. 12.3). The possible side effects include hypertension, 
oedema, cardiac failure, a rising blood urea, infection, potassium 
depletion, or mental changes. These are rare, but nevertheless the 
blood pressure, weight, and jugular venous pressure should be observed 
each day and periodic electrolyte estimations should be made. It is 
also evident that the contraindications to steroid therapy are cardiac 
failure, severe hypertension and advanced renal failure; dyspnoea 
from large pleural effusions is another contraindication. Even when 
treatment is eventually successful there may be little change in the 
first seven days except for fluid retention. There is then a gradually 
increasing diuresis and a marked fall in proteinuria (Fig. 12.3); in the 
most successful cases there is also a rise in glomerular filtration rate. 

At the end of the initial course of treatment injections of 10-20 
units of corticotrophin are sometimes given once or twice weekly to 
stimulate adrenal activity in order to counteract the inhibiting effect 
of the prednisone. Prophylactic oral antibiotics (penicillin V or 
ampicillin) are given throughout the period of heavy dosage together 
with potassium supplements (potassium chloride 1-3 g./day), a small 
amount of calcium and vitamin D, and as much protein as the child 
will eat; no added salt is allowed. If there is a diuresis it is usually 
followed by an increase in weight and a phenomenal increase in 
appetite. 

Treatment of a recurrence, or of a failure to respond to the initial 
course. It is usual for the condition to relapse. Treatment of a relapse 
consists of the administration of prednisone 2 mg./kg./day for only 
4—5 days; the dose is then decreased rapidly within 2-3 weeks. If 
there is initial failure to respond the patient can either be given another 
six-week course or prolonged treatment. 

The indications for prolonged treatment are persistent proteinuria of 
more than 1 g./day or repeated relapses. Either prednisone 10 mg./day 
every day or large intermittent doses of 20-50 mg./day (depending 
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on body weight) arc gi\en on 3-4 consecutive daj*s of eacli week 
In either case supplements of potassium, calaum and pcnicilhn V arc 
given every day of the week At this stage the diildren are observed 
as outpatients and allowed to lead as normal a life as possible It has 
been claimed that their growth and development remain vvitiim 
normal limits 

PREDNiSOtONE 

I AO>i/D»|^-9/OAr jaOBt/DAV I lO.flfDAY I 



rto IS a Treatment o( the nephrotic *>'ii<lroro« with prolonged eemrsea of 
adrenal tteroid In a cMM hote thelwyof weight <fun»g the adml&utration 
of I nry large ARioun la of prcJnnolone AotJ tf e nr)y decreaie m prcleinurli 


rinally, the fact that nephrotic cliildren frequently have a remission 
of tsdema following an acadcntal attack of measles has occasionall) 
led to their being exposed to infection deliberate}) The results are 
probably due to an increased endogenous secretion of adrenal stcroiils 
but thc> do not seem any better than after the administration of 
exogenous adrenal steroids, and measles ts ccttamlj far le<s pleasant 
for the child 
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Adrenal Steroids in Adults. Proteinuria rarely disappears and there¬ 
fore the main object of treatment is to get rid of oedema. Deterioration 
of renal function and hypertensive side effects are more common than in 
children. In addition, large doses may cause acute perforation or 
haemorrhage from a peptic ulcer, acute psychosis, or reactivation of an 
old tuberculous lesion. 

A recent Medical Research Council trial on the use of prednisone 
in the nephrotic syndrome due to glomerular nephritis has demon¬ 
strated that in patients with unequivocal histological abnormalities in 
the glomeruli, the course of the disease, and in particular the diminu¬ 
tion in the extent of the proteinuria, is the same whether or not 
prednisone is given. The only advantage of prednisone administration 
was in that small number of patients in whom the kidneys appeared 
normal on light microscopy; these patients had a substantial reduction 
in proteinuria several months before those who did not have prednisone. 
Nevertheless during the course of the trial the number of deaths was 
greater among those patients who were given prednisone, though the 
difference was not statistically significant. Very rarely the administra¬ 
tion of prednisone to a patient with a severe nephrotic syndrome, 
in whom renal function is rapidly deteriorating, may induce a dramatic 
improvement in renal function. Unfortunately it is just as likely to 
accelerate the rate of deterioration. 

Cytotoxic Drugs. For the past few years there has been an increas¬ 
ing use of cytotoxic drugs such as nitrogen mustard, cyclophosphamide, 
azothioprine, and 6-mercaptopurine in the treatment of immunological 
diseases of the kidney when they are unresponsive to other forms 
of therapy. These drugs have been used particularly in patients in 
whom the disease is of recent onset and in whom there is an inexorable 
and fairly rapid diminution of renal function. A number of patients 
with a nephrotic syndrome due to glomerular nephritis have received 
such treatment and claims and counterclaims have been made about 
its efficacy. Controlled trials are badly needed. 

Treatment of the Negative Protein Balance 

It is imperative that the negative protein balance should be 
corrected, and the necessity for a high protein diet cannot be over¬ 
emphasised. 

The only limit to positive nitrogen balance that can be achieved 
by these patients is their own capacity for protein ingestion. It has 
been demonstrated that the rate of proteinuria is not affected by high 
intakes of protein and there is no evidence that renal function suffers 
in any way, though in patients with an initially depressed glomerular 
filtration rate it is important to watch the blood urea. A rising blood 
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urea in these arcumstances is of course no cndcncc of a further 
depression in filtration rate but, alUiough a moderate nse to 40-60 mg 
per 100 ml is permissible, higher concentrations may be assoaated wath 
sjTnptoms of waste product retention and should be a\oidcd Adults 
should, and can. cat lCO-200 g of protein a da>, which is not difiicult 
if protein concentrates such as Casilan are used and salt rcstnction is 
not too severe (see below’) At first anorexia is very frequent, but can 
often be abolished by pri^nisone even if it fails to produce anj other 
immediate benefit It has been sliovvn that such a diet, continued for 
several months, and accompanied by a large accumulating nitrogen 
balance may at first produce no change m plasma protein concentration 
or cedema, although the plasma volume is gradually increasing 
Eventually, when the plasma volume readies a critical value, the 
cedema may rapidly recede whether or not plasma protein concentra 
tion has altered—additional evidence that the cedema m nephrotic 
s)7idrome is more closely related to blood volume changes than to 
plasma protein osmotic pressure 

Treatment of the Low Blood Volume 

Tins link m the causation of the oedema m the nephrotic s>*ndromc 
can be treated directly by the intravenous administration of concen¬ 
trated albumin, dextran or packed red cells Albumin is nrel} given 
for It IS expensive to prepare and has little advantage over the other 
two Dextran is used most frequently It should be salt free and have 
cither the same or twice the osmotic pressure of normal plasma protein 
(5 per cent or JO per cent solutions) The amount given is empirical 
but for an adult one litre of the 6 per cent solution (or COO ml of the 
10 per cent) is suffiaent to produce a diuresis in man> patients Packed 
red cells arc sometimes used these should increase the blood v otume 
for a longer period than dextran but it is doubtful w hethcr this is so 
for an increase m the red cell mass tends to be assoaated with a shnnk- 
ing plasma volume In addition the nephrotic s liability to pjTcxnl 
reiclions is a senous disadvantage of red cell infusions unless the cells 
arc washed with 6 per cent glucose 

Blood volume expanders frequently produce a good diuresis but 
shortly after there js usually a period of relativ e oli^na and a rapid 
rcaccumulation of cedema 

Treatment of the Renal Tubule's Increased Salt Reabsorptkm 

Salt and water retention can be mimmived by dccrcwmg the salt 
intake, or increasing the excretion of tical sodium by giving cation 
cxdiange resms, or it may be directly countered by mcreiving llie 
unnary excretion of sodium with diuretics 
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Dietary Salt Content. The amount of salt in the diet should he 
related to the severity of the cedema and the ease with which it can be 
controlled with diuretics. In many long-standing cases of the nephrotic 
S 5 mdrome, in whom proteinuria and oedema fluctuate slowly over a 
period of months, the dietary salt can be adjusted according to the 
weight chart. When oedema is increasing rapidly it may be imperative 
to give a " salt-free ” diet.. The ideal is to give as much salt as the 
patient can easily excrete; it is often an unnecessary burden to give less 
and it increases the difiiculties of maintaining a high protein diet. One 
of the great advantages of the wide range of potent oral diuretics now 
available is that the dietary control of sodium intake need not be nearly 
as rigid as it used to be. If renal failure supervenes and the oedema 
clears it is important to remember to tell the patient to increase his 
intake of salt, otherwise he will develop salt deficiency which will 
aggravate the renal failure. 

Resins. The difiiculties of giving a diet low in salt and yet high 
in protein can be overcome to a certain extent by the administration 
of low-sodium protein preparations such as Casilan, and the use of 
ion exchange resins. A cation resin (Katonium, B.D.H.), 75 per cent 
in the ammonium phase and 25 per cent in the potassium phase, is 
given orally 15 g. four times a day, for an adult. In the small intestine 
the ammonium and potassium on the resin are exchanged for an 
equivalent amount of the patient’s sodium; but much of this sodium is 
again exchanged for potassium in the large bowel. The net result is 
a negative balance of sodium and potassium, and the production of 
an acidosis from the absorption of ammonium. The negative sodium 
balance is the aim of this treatment; the negative potassium balance 
and acidosis are comphcations to avoid. The potassium loss can 
be countered by the oral administration of potassium citrate 3 g. per 
day. The kidney should be able to prevent the tendency to develop an 
acidosis by increasing the excretion of ammonia and free hydrogen ions 
(p. 63); if it is not able to do this adequately an increasing acidosis 
develops. Recently a cation resin in the calcium phase has been made 
available, this avoids the acidosis, but potassium replacements are 
still necessary. Resms, in line with other methods of producing a 
negative balance of sodium, may cause a fall in glomerular filtration 
rate and a rise in blood urea, if the oedema is removed too rapidly. 
When oedema is controlled, but heavy proteinuria continues, it is 
best to continue resin administration. On occasion the loss of oedema 
is associated with diminution or disappearance of proteinuria, a rise in 
glomerular filtration rate, and a return of plasma proteins to normal. 

Diuretics. The guiding principle to follow is to use as many diuretics 
as are necessary to induce a diuresis which is not too precipitous and 
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uhich does not cause a negaln e balanceof potassium Failure to produoj 
a diuresis wth one diuretjc is an indication to add a second A third, 
and then a fourth, or fifth may be added if necessary In order to 
minimise the unnary loss of potassium treatment is begun wlh 
spironolactone and tnamptercnc Chlorothiazide can be added later 
and frusermde or ethacryme aad later still (As frusemidc is so cflectii, c 
some authorities would start with this diuretic and increase the dose 
until a diuresis begins) At the onset of treatment body weight must be 
measured each day, it is a far better guide to water balance than an 
*' input-output *' chart Plasma potassium should also be measured 
ei cry other day If a diuresis still fails to occur the dosage of fniscmide 
can be increiscd up to 400 mg aday If tbisjssbll unsuccessful Ihcdaily 
administration of all these dmrctics is continued with the addition on 
alternate days of an intramuscular injection of a mcrcunal (after the 
prehminary administration of 1-2 g of ammonium chloride for three 
days) If a diuresis still docs not take place the mcrcunal should be, 
stopped at the end of the first week 

Once the osdema has disappeared the diuretics should be rapidly 
cut back in the rcicrse order in uhidi they irere given so that if it is 
found necessar)’ to continue with diuretics the patient is dtscliarged on 
spironolactoncand/ortnamptcrenc Chlorothiazide and its denvatives 
and fruscmidc arc dangerous drugs to use in the treatment of patients 
suflenng from a nephrotic syndrome once they arc out of hospital If 
diuretics arc giv cn potassmmsupplcmcnts must continue to be supplied 
but there is no certainty that su^ supplements will be cither ingested 
or adequate Plasma potassium concentrations must therefore be 
measured from time to time Chlorothiazide or fruscmidc are best giv cn 
to outpatients intermittcntlj eg on (nodaj's a week or on alternate 
days Sometimes once a diuresis has been forced by diuretics there 
IS a spontaneous remission vvith diminution m unnary protein excrc 
tion, a nsc m plasma protems and no further need for diuretics 

Treatment of the Increased Capillary Filtration and Local CEdema 

The increase in capillary filtration vahich lakes place at all capillary 
surfaces as a result of the decreased plasma protem osmotic pressure 
can be minimised befovv the knees by neanng e/astic stoci-ings, fn 
some subjects particularly young women who have a relatively well 
controlled nephrotic syndrome such a measure may enable them to go 
out m the evening wathout looking too conspicuous 

(Edema fluid can be removed directly by making multiple super¬ 
ficial skm innsions m tfie legs through an antibiotic cream sucli as 
Ncomjxin If the patient is then kept m a sitting posture large quan 
titles of fluid may be removed, but it is a remarkable fact that occa- 
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sionally these procedures are unsuccessful for the first few days; then 
losses of 1-2 litres a day may occur through the same sites. This 
initial delay is most often seen when the accumulation of oedema 
has been so rapid and extensive that the legs are tense, hard and almost 
impossible to pit upon pressure. The danger of secondary infection of 
the skin during these manoeuvres is considerable. For some unknown 
reason, if a large quantity of fluid is successfully removed in this way 
it may sometimes initiate the onset of a large diuresis. If ascites and 
pleural effusions are causing discomfort, the fluid may be removed with 
a needle and syringe, but otherwise this should be avoided for the 
protein content of such fluid is sometimes relatively high, and its removal 
diminishes the already depleted protein stores. 

Dangers of Removing CEdema Fluid Rapidly 

Aside from the dangers of an associated loss of potassium, a rapid 
loss of fluid, however caused, may lead to an acute reduction of blood 
volume. There may then be a fall in blood pressure, and a rise in blood 
urea. The latter is due to a fall in glomerular filtration rate and an 
increased protein breakdown. Potassium depletion may also occur. 
Nausea, thirst and faintness are useful premonitory symptoms. The 
blood pressure should therefore be measured twice a day and a supple¬ 
ment of potassium given. It is also wise to measure the haematocrit 
each day. 

Treatment of the Infections 

Though the use of antibiotics does not counteract a specific link 
in the aetiology of nephrotic oedema, their introduction in recent years 
has nevertheless been the main factor responsible for the longer 
survival of patients suffering from the nephrotic syndrome. Such 
patients seem particularly liable to develop infections, and in turn the 
infections seem to be more severe and are nearly always associated with 
an acute exacerbation of the nephrotic syndrome. In order to avoid 
infections oral penicillin is sometimes given daily as a prophylactic; 
alternatively the patient is given a short course of a wide-spectrum 
antibiotic (e.g. ampicillin) to take home, to be used at the first sign 
of an infection. 


Synopsis of Treatment 

Treatment is started with a low salt, high protein diet. Prednisone 
is given to children. Its use in adults now seems pointless and perhaps 
dangerous, though in patients with no histological renal abnormahties 
the administration of prednisone may be justified. If prednisone is 
given a remission of the proteinuria should occur within two months. 
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If this docs not take place wthin that time prednisone should be 
discontinued 

Diuretics are given in sufficient amounts to cause a diuresis If this 
IS unsuccessful aplasmaexpmdcrsuchas 1 htreof lOpcrcent Dcxtran 
can be given during the administration of tlic diuretics 

Ion exchange resins can also be given cither as an altcmativ e or m 
conjunction with diuretics Antibiotics should be given at the first sign 
of infection or as a daily propIi>lactic dose 

If the tedema is painful or incapaatating even mth the patient m 
bed and diuretics are slow to take effect the cedema may be remov ed 
with multiple skin incisions 

A high protein diet cannot be used when there is evidence of renal 
failure 

In order to be aware of the progress of events it is useful to insist 
on the following being measured and recorded once a day (i) bod> 
vreight (u) blood pressure (in) fluid intake and output exdudmg food 
and fxccs \Vhcn there arc rapid changes in weight the Jiarmatocnt 
sliould be measured every day and at this time plasma potassium and 
sodium should be measured on alternate days with plasma urea and 
creatinine at least once a w cck WTien the patient is stabilised these 
estimations can be made less and less frequently Unnary protein 
excretion should be measured once a week until the patient is stabilised 
Plasma protein concentration should be measured at least once in tw o 
weeks It IS probably the best guide to progress 

Long Term Results of Treatment 

There seems httle doubt that the duration of survival is now longer 
than it was and that in adults this change is due to the use of antibiotics 
and a high protein diet In children it is stiU uncertain whether the 
beneficial effects of prednisone have conlnbutcd to the improved 
survival Unfortunately there has not yet been a controlled trial of the 
use of steroids in children 
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ACUTE RENAL FAILURE 

Acute renal failure can be arbitrarily defined as any condition m 
Minch the daily volume of unne passed into the bladder is suddenly 
reduced beloiv 400 ml • Tins definition incMtably includes severe but 
phisiologically normal oliguna, mIhcIi is sometimes called "acute 
renal insufiicicncy." 

Etiology 

(1) Severe functional diangcs inthout structural damage 

(2) Severe functional changes uitli acute structural damage 

(3) Functional changes of perhaps moderate seventy but 
occurring m a patient wtb cJironic structural damage. 

(4) Acute unnarj' tract obstruction. 

Seme Functional Changes ulthout Structural Damage 

Tlie most important of these changes is severe but initially rev ersible 
renal vasoconstnction, the causes of which have been discuss«I on 
p. 02; they arc predominantly those which cause acute orculatory 
insiifBciency. Typical examples are the sudden reductions m blood 
volume whicli may accompany acute diarrhtra and vomiting, bums 
and haimorrhagc. The reduced renal blood flow whicli results is 
associated with a reduced glomcrubr filtration rate and thus a dccreasetl 
excretion of solutes Usually there is a simultaneous stimulation of the 
supra-optico*hypophyscal sj’stcm and an increase m the level of 
circulating anlidiurctic hormone Tlic oliguna whicli results is thus 
associated wnth a unne whicli at first is highly conccnlralcd Some of 
the most severe but rapidly reversible obgunc episodes may occur in 
the first two dij^s after operation when the 2-l-hour unne volume may 
he 150 ml 

Severe Functional Change* with Anile Sfrortural Damage 

A wide vanct}' of conditions may pvense to acute structural 
cliangcs severe enough to cause acote renal failure, they arc ilJuslrated 

• Thii nrlo.lM • Iruwiont fonn of otulo m>kl faJiir* in ohich iho 
(Utrmlitin ?»l»' f«lli uml ih* I lfio.1 n»«. bol ll*» ufio«» f iw nonnAt Tb* 

r<>n.ljt)i:>n ha* in aMM-iatton »tih lium* ainl lia* a p^l j'rofrtvMi* 

in 
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Fig. 13.1. .Etiology of acute renal failure with acute structural changes. 
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mrjff 131 Tliey mclucJc severe forms of certain renal diseases «}»ch 
usuallj present in a less acute fonn, i c acute neplintis, acute pjclo- 
nephntis watli acute necrotising papillitis, malignant hj-pertcnsion, 
poljartentis nodosa and eclampsia Jfumencally these are not 
important causes of acute renal failure Tlie most common lonn of 
structural damage is acute tubular necrosis In the past this condition 
has been called “ loner nepliron nephrosis," ’ shock kidney " and 
" crush syndrome '* 

Tubular necrosis may follow directly from the action of poisons or 
severe prolonged renal vasocontnction Poisons act directly by 
causing the death of those tubular cells nhicli transport the substance 
from the blood into the lumen of the tubule, they also cause mten«c 
renal \’asoconstnction and irregularly distributed focal patches of renal 
ischemia, nhich in turn becomes the sites of ischicmic tubular necrosis 
Mercury, arsenic, lead, bismuth, carbon tctradilonde, potassium 
clilorate, propylene glycol and sulphonamidesare someof thesubstanecs 
nliich have been known to cause acute tubular necrosis, for this reason 
they are called ncphrotorins Some endogenous substances such as 
porphynns and bilirubin are also liable to produce acute tubular 
necrosis if present in excess quantities in the plasma 

Tlie causes of renal vasoconstnction which may produce tubular 
necrosis arc the same as those which have been discus^ above and m 
Section 8 Necrosis is due to the intensity and duration of renal 
ischaimia, i e it must be present for a matter of hours, a point of 
immense importance in trynng to prevent the condition Abortion, 
multiple v\ound5 and extensive surgery with inadequate blood replace^ 
ment are the most frequent causes of tubular necrosis Tliough it is 
possible that renal vasoconstnction wathout a concomitant fall in 
blood pressure may occasionally be sufficiently intense to cause 
necrosis, it is clear that necrosis is more likely if there is a combination 
of vasoconstnction and hypotension It is not always appreaated that 
the more intense the v’asoconstnction the higher the minimal artena! 
pressure necessary to keep the vessels open Tlus is important 
clinically, for when there is severe renal vasoconstnction minor falls 
m blood pressure may be sufiiaent to cause a complete isditmia 

Wiether a shunting of blood through the juxtamedulhry glomeruli 
and away from the cortex ever occurs m any of these situations is not 
open to demonstration The meagre evidence that has been obtained 
m man docs not support the idea, and observations made on animals 
suggest that if there is such a diversion, it is of little consequence 
compared with the seventy of the total renal ischamia wath which it 
IS associated 
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Acute Functional Changes Superimposed upon Chronic Structural Damage 

Patients • suffering from chronic renal failure due to a gradual 
obliteration of their nephrons may be precipitated into acute renal 
failure by some disturbance which, in a normal person, would cause 
only an insignificant change in renal function. This combination of 
acute functional changes and long-standing structural damage is 
sometimes very difficult to differentiate from acute structural damage 
in previously normal kidneys, particularly if the pre-existence of 
chronic renal disease is unknown. The differential diagnosis is based on 
obtaining clinical evidence of long-standing renal failure such as a 
history of polydipsia, polyuria, lassitude, and the presence of pigmenta¬ 
tion and anaemia. 

Acute Urinary Tract Obstruction 

Bilateral pelvic or ureteric obstruction, or unilateral obstruction 
to a single functioning kidney can obviously cause acute renal failure. 
This indisputable truth is often forgotten when considering the 
differential diagnosis of acute renal failure. Pus, clots of blood, 
crystaUuria, tubular debris, and retroperitoneal fibrosis (see below) 
can cause acute bilateral obstruction. There is also a rare condition 
known as calculus anuria when acute bilateral anuria results from the 
presence of a calculus in only one ureter. 

The outstanding feature of the acute renal failure due to acute 
urinary tract obstruction is that the flow of urine is completely 
suppressed, as opposed to the low flows which are usually found with 
acute structural damage to the renal parenchyma. The only exception 
to this rule is in the acute renal failure of acute glomerular nephritis. 
The therapeutic implication of this fact is that if acute renal failure is 
associated with complete or almost complete suppression of urine, a 
cystoscopy should be performed and the ureters catheterised to try to 
relieve the obstruction; if this is unsuccessful it is necessary to release 
the urine above the obstruction by a nephrostomy. 

Retroperitoneal fibrosis is the term applied to the presence of a thick 
mass of fibrous tissue in the retroperitoneal space which spreads out¬ 
wards from the mid-line. Usually the cause is unknown. It can follow 
prolonged treatment with methysergide for migraine; and occasionally 
it is a response to invasion by carcinoma cells. When the fibrous mass 
involves both ureters it may give rise to a characteristic form of acute 
renal failure. The patient is usually a middle-aged man who complains 
of increasingly severe bouts of unremitting pain in both loins, the 
attacks come on suddenly and last a few hours or a day or two. A 
hydrocoele or oedema of the legs may be present, perhaps due to com- 
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prcssion of \cins and lympliatjcs Finally, dunng a prolonged attack 
of pain there is ohguna or anuna This may last a feu daj’s Tlicn tliere 
IS a profuse polyuna, perhaps only for a few hours, follou ed by a return 
of complete anuna. The concentration of blood urea fluctuates mldlv 
uath the changes m unne flow, and the imne is free of protein, a most 
re\calmg p>omt uhich excludes a disturbance of tlie renal parcnclijuna 
as the cause of the anuria Surprisingly urclcnc catheters pass up the 
ureters wthout difilculty and unne flou-s dou n the lumen of the cath 
cters but when they arc remo\cd the anuna persists Radiographic 
studies may show that the ureters fme been pulled inwards tou-ards 
(he mid line or that they arc deformed in a rig rag pattern along piart 
of (heir course Treatment consists in freeing the ureters and placing 
them laterally bejond the fibrous mass Tlie idiopathic form of (he 
disease is thought to be self limiting 

TUBULAR NECROSIS 

The follouang sections desenbe the pathological finding* clinical 
features treatment and prognosis m acute tubular necrosis, TIjc 
clinical features and treatment of acute renal failure due to other causes 
are almost identical 

Tathology of Acute Tubular NecrosU 

Macroscopically the kidncj’S do not look greatlj disturbed and may 
often be passed as normal WTicn the kidney is mased there is a 
tendency for the cortex to bulge and to look slightly pale Tlie onK 
unmistakable macroscopical appearances are thov? assoaated with 
cxtcnsiac necrosis «uch as arc found witli cclampisia and accidental 
Iixmorrhage (p 337) when the condition is c^Icd acute cortical 
necrosis 

Microscopica!I> the lesions arc most clear!} displapxd in nephrons 
nhich ha^e been micrcxlisscctcd 11} this technique it has been 
jxissiblc to show that there arc two distinct Icuons, one is due to 
isclixmia and occurs in a random distnbution throughout all nephrons 
and in an> p«rt of the nephron doi%-n to the collecting tubule tlie 
other, which is due to nephrotoxins, affects all nephrons cquallv 
and IS confined to the same part of eacli proxttnal tubule Each 
ischxmic lesion involves onlj a rclativelj short length of the nephron 
and consists of complete necrosis of the tubule cells and the basement 
membrane, thus expxjsmg the lumen of the tubule to the renal inter* 
stitial space (Fig 13 2) Tlie nephrotoxic lesion involves a considerable 
segment of each proximal tubule and consists of necrosis of tubule cells 
onij, wathoul invxlv ement of basement merolirane (f ig 13 3) Srphro* 
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toxins, lio\se\cr, not only cause the death of those tubule cells winch 
transport them, but in addition their presence in high concentrations 
causes intense renal vasoconstnction In acute tubular necrosis from 
ncphrotoxins, therefore, both ischicmic and ^’totoxic lesions arc found 
Ordinary lustological sections of the kidney at autopsy show that 
the glomeruh escape injury while the c\cn distribution of the nephro* 
toxic tubular lesions are easily recognised, the ischimic lesions, 
howe%cr, are much more widely spaced and may not be present in a 
renal biopsy Tliere are a few foa of round cell infiltration and 
occasionally some of tlie tubules arc surrounded by a clear " halo ’*likc 
area which is thought to be cndoncc of interstitial cedema Numerous 
humcasts arc seen m those cases which follow an incompatible blood 
transfusion or widespread muscle injury 

Renal biopsy observations have shown that there is ht tie correlation 
betvseen the light microscopy changes and the functional abnormalities 
Indeed most biopsies show little or no light microscopy cliangcs \\ ith 
the electron microscope, however, it has been possible to demonstrate 
that even in those sjiecimcns wath no hght microscop) changes there 
are pronounced cellular lesions in the tubules with patch) disruption 
of the basement membrane Tlie glomeruh appear normal 

Clinical and Biochemical Features of Acute Tubular Necrosis 
FoUowang the particular episode which has prcapitatcd tubular 
necrosis and which may be defined as the onset the natural history of 
the disorder can be dindcd into three phases 

(a) Tlie oligunc 

(b) The diuretic 

(cj The postdiurctic 

Oliguric Phase 

TIic early part of the ohgunc phase is frequently unrecognised for 
it oftens begins dunng a surgical or medical emergenej In this setting, 
the fact that the kidneys have almost ceased to function may not 
immediately alarm, so great is the relief that the patient is still alive 
Tlie daily volume of unne excreted v’ancs, but complete cessation of 
unne flow does not occur vvntli tubular necrosis At least 50-100 ml 
IS excreted daily, it is often dark and discoloured by breakdown 
products of blood, and at first may be thickened by the dibns of 
necrosed tubular cells, yet the spcafic gravity of this small volume of 
‘ concentrated'-looking unne » nearly always around 1010. a 
paradox which confirms the diagnosis. IVofcmuna is always present. 

Dunng the ohgunc phase the renal blood flow is only reduced to 
about a third of normal whereas glomerular filtration rate is usually 
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less than 1 per cent of normal. The cause of the continuing renal 
ischaemia is not known. It persists for many days after the situation 
which precipitated the initial renal ischaemia of the onset has been 
corrected. It has been suggested that renal ischaemia is caused 
by a rise in intrarenal pressure, for straight X-rays of the abdomen 
show the kidneys to be much larger than normal. This hypo¬ 
thesis, however, is no longer tenable, for the intrarenal pressure 
has been measured and found to be normal. Nor does the persistence 
of the renal ischaemia appear to be due to a maintained nervous 
vasoconstriction. The most likely explanation is that the initial 
ischaemia causes changes in the tubule cells from which vasoconstricting 
metabolites subsequently diffuse and maintain the ischaemia. 

The gross discrepancy between the moderate reduction in renal 
blood flow and the almost- complete absence of apparent glomerular 
filtration rate is not understood. The electron microscopy changes 
suggest that perhaps the true filtration rate is not greatly disturbed 
but that as the filtrate passes down the injured tubule most of it 
" leaks'' back into the peritubular venous capillaries. The severe 
reduction in apparent glomerular filtration rate together with the 
tubular damage cause severe disturbances in function. Urea, creati¬ 
nine, potassium, phosphate, sulphate and a considerable quantity 
of unidentifiable anions (which have been aptly called, for want of a 
better name, " anuric anions ”) accumulate in the blood and extra¬ 
cellular fluid. There is also an accumulation of hydrogen ions with a 
fall in plasma pYL and bicarbonate. The increase in the concentrations 
of potassium, phosphate and urea are due to their release from the 
breakdown of muscle protein; the rate of this release which is 
greatest during the first few days of the oliguric phase largely deter¬ 
mines the course of the Olness. The rise in plasma potassium is 
aggravated by the retention of the hydrogen ions, for these tend to be 
sequestered intraceUularly in exchange for potassium ions which are 
then released into the extracellular fluid. In addition, a fall in arterial 
oxygen tension (e.g. with a chest infection) may also cause a rapid shift 
of intracellular potassium into the extracellular fluid and plasma. 
The danger to life is that the rising concentration of plasma potassium 
may cause cardiac arrest. This threat is accentuated by the rise in 
phosphate which lowers the plasma calcium, and, as potassium and 
calcium ions have opposing actions on heart muscle, the lowered 
calcium and the raised plasma potassium summate in their ill effects 
on cardiac function. There is also a rise in plasma magnesium which 
potentiates the harmful effects of the rise in plasma potassium. The rate 
of protein catabolism is greatest following injury to muscle, haemorrhage 
and trauma in the young and healthy; elderly or debilitated patients 
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break down protem at a slower rate Infection causes a bnsk increase 
m rate In most patients protem catabolism is greater m tlie first two 
or three daj'S On a diet contaming about 100 g of carbohjdrate per 
day the as'cragc total (endogenous + exogenous) calone consumption 
IS approximately 2 500 per day endogenous fat constituting the mam 
source of energy 

The other major electrolyte disturbance whicli occurs m the ohgunc 
phase is a decrease in the serum aincentiation of sodium and dilondc 
In the past this hjTXJtoniaty or o\crh>dration was usual!) due to an 
attempt to relieve the oliguna by the admmistration of large quantities 
of water an mtuitive therapy based on tlie naive pnnaplc that 
what goes m must come out This is a particular!) easy trap to fall 
into for these patients are often exccssiid) lliirsty It has been 
shown however that plasma osmolalit) gradually falls even if the 
water mtakc is hmited to an amount which is normal!) lost by inscn'^tble 
means At first there was thought to be a sluft of sodium into the cells 
but it now appears that the most important factor ts an increase in 
the cxtraccUijar water Tlus is domed both from the intake for the 
insensible loss of water u below average in these patients and from 
metabolic water formed by the endogenous breakdown of protein 
and fat a quantit) which may amount to 3(X> ml a daj It is 
important to recognise the ongm of this hj'potemat) for its preven 
tion and correction depends on rcstncting the intake of water and 
Irjing to diminish the endogenous breakdown of protein and fat not 
in administering large quantities of normal or concentrated saline 
intravcnouslj this only expands the extracellular fluid spice and 
may lead to cardiac failure 

Other changes evident in the blood arc tiic development of anxmia 
and a leucoc)losi5 The anxmia devdop® rapid!) fails to progress 
be) ond a certain sev enty though the oliguna maj contmuc and often 
becomes more pronounced when the blood urea concentration is 
begmnmg to falL Tlie cause of the amcmia appears to be a combination 
of bone marrow depression ind litniol)sis. 

These man) changes in the internal environment can onl) be 
diagnosed with ccrtaint) by laborator) estimations tlic) are assoa 
ated with tfie following rather vague clinical signs The fall in plasma 
pH results in deep regular "ighing respirations which are easil> 
recognised but the other electrolyte changes produce signs which are 
singularl) non sp^fic even wlcn thej arc of sufficient sevent) to 
tltreaten the patient s life Ovcrh 5 dratton causes mental dullness and 
hcidache niusea v omiting and convulMons It has also been said to 
cause ps)chosis and fever Expansion of the cxtracelluHr fluid space 
is recognised b) a nse in jugular venous pressure redema laclij^pncta 
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and pulmonary crepitations. The rise in plasma potassium and the 
fall in plasma calcium concentrations are stated to be responsible for 
anxiety, restlessness, par^sthesiae and hypotension; these are par¬ 
ticularly unreliable signs. Serial electrocardiograms are more valuable 
in revealing a rise in plasma potassium; initially there is " tenting ” 
of T waves with ST segment depression, flattening of the P wave, and 
a lengthening of the QRS complex so that it resembles bundle branch 
block; at higher concentrations of potassium the E.C.G. takes on the 
appearance of an untidy sine wave and there may be periods of stand¬ 
still and irregular rhythm. Death occurs from cardiac standstill and 
ventricular fibrillation. In traumatic cases, particularly those with 
extensive injury to muscle, the rate of rise of plasma potassium to 
a lethal concentration may be extremely rapid: a concentration of 
6-7 mEq./l. rising to 10 Eq./ml. overnight. The rise in plasma 
magnesium probably produces some drowsiness and weakness. ^ 

Gastro-intestinal disturbances including hiccoughs are frequent 
during the oliguric phase; their cause is unknown, but they become 
more severe as the blood urea rises; both vomiting and diarrhoea may 
occur and they are usually made worse by oral feeding. Occasionally 
there is hasmatemesis and melsena. As the oliguric phase lengthens 
there is a gradual clouding of consciousness, nausea and lassitude, 
fading into a twitching coma. These features seem to be directly due 
to the retention of some unidentifiable waste products, for they can be 
relieved by dialysis even if the concentration of blood urea and 
identifiable electrolytes are left uncorrected. 

A rise in blood pressure is infrequent. 

Delayed wound healing and haemorrhage often occur in surgical 
cases. Finally, it is important to be aware that these patients are 
very liable to develop infections ; these are now the commonest cause 
of death in cases uncomplicated by severe trauma. 


Diuretic Phase 

This phase begins when the 24-hour urine volume reaches 1,000 ml. 
Together with the onset of diuresis, the renal blood flow and glomerular 
filtration rate gradually increase. Sometimes, however, the diuresis 
begins without any marked change occurring in either. At first the 
urine appears to be pure plasma filtrate, for the total concentration of 
the urine, and of each of its constituents, is identical with that of 
plasma. As the urine volume increases, the tubules recover some 
ability to reabsorb salt and concentrate urea so that the urine now 
contains less salt and more urea than plasma, but the total osmolar 
concentration still remains about the same as that of plasma, i.e. 


ClimCAt FEATURES 1^3 

isotonic The delay in the return ot tlic abilitj to concentrate is 
paraUelcd by a similar delay in the ability to aadif> the unne 

Dunng the firet few daj’s of the diuretic phase the patient s general 
condition changes markedly, there is an mcrca'icd aw'arcness, nausea 
and \omiting cease, and appetite returns The oscrall improsemcnt is 
such that \v hen blood urea estimations are found to bo cither unchanged 
orc\cn a little higher than before the onset of diuresis, there is often 
an atmosphere of disbelief m the accuracy of the estimations Nc\cr 
thelcss tins is the recurrent pattern of rccov cry and is another indication 
that the symptoms of renal failure arc not due to the high concentra 
lions of blood urea The diuretic phase rnty be a «cck old licforc the 
blood urea begins to fall 

At the height of the diuresis the daily unne s olume mav be s ciy 
great (eg Cl) so that whereas a few daj's before the patient s life was 
threatened bj an e\ccss of water salt and potassium it is now exposed 
to the penis of dclijdration salt loss and potassium lack Tlie cause 
of this extensue diuresis appears to be a combination of three 
mechanisms (1) An osmotic diuresis due to tlic high blood urea 
(2) tubular functional inadequacy and 0) the release of an accumu 
hted surplus of fluid and electrolytes Ob\iou«I> if (I) and {2) arc 
responsible for the hrge diuresis dangerous electrolyte and water 
deficiencies may occur whereas if it is due to (3) it is to the patient s 
advantage Tlie unne volume nscs to a peak and then lalN to normal 
values, the duration of the diuretic phase is roughly (he same as that 
of theoligunc phase 

Postiliurctlc Phase 

Tins stage develops imperceptibly from the diuretic phase and is 
charactenved by a normal output of unne although tlierc continues lo 
be some impairment of renal function Gradually renal blood flow and 
glomerular filtration rate incrca«c and the ability to concentrate the 
unne and other tubular functions return lovi ards normal ov cr a period 
of alxiut one year hcvcrlhelcss follow up studies have showai llial 
although renal function is perfectly adequate full recovery is unusual 

TREATMEST 

The first thing to do is to confirm that acute renal failure has jndml 
taken place and it is essential to calhctensc the bladder to exclude 
iinnary retention The next step is to deatle whether the oltguna < r 
anuna is due to unnarv tract obstniclion if tins is convideml probable 
or even remotely possible cvsioscopy and iirefrnc catbrlcnsati'n 
diQuld l)C performed and any obstruction either didodged or relieved 
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by nephrostomy. This is particularly relevant when the acute renal 
failure follows the taking of sulphonamide or is associated with a high 
plasma uric acid when tubular debris and crystals can produce complete 
occlusion of the pelvis and ureters. 

Acute tubular necrosis and other forms of acute renal failure 
should be treated along the following lines. 

Treatment of the Onset 

During the onset of acute renal failure, when there is severe renal 
ischaemia, but before tubular necrosis has occurred, it should be 
possible (except in the case of poisons) to prevent necrosis by prompt 
transfusion, or electrolyte and water replacement, whichever is 
appropriate. It is imperative that transfusions should not be withheld 
on the grounds that, as the patient is already suffering from acute 
renal failure, he should not be exposed to the risks of a mismatched 
transfusion. It would be as logical to refrain from throwing a lifebelt 
to a drowning man for fear it might hit him on the head. 

It is wise to try and decide by examining a blood film whether the 
loss of blood has occurred in an already anaemic person, for if such a 
patient is transfused so that the haematocrit rises above its usual level, 
renal failure may be aggravated (p. 96), particularly if there is already 
some degree of chronic renal structural damage. 

If a patient is seen within an hour of a transfusion reaction or the 
ingestion of a nephrotoxic poison it is possible that renal damage may 
be less extensive if a transient osmotic diuresis is induced with 600 ml. 
of 10 per cent mannitol intravenously in 30 min. If the renal failure 
is reversible the urine flow should increase by 50 per cent in the next 
two hours. When acute renal failure follows diarrhoea and vomiting, 
pyloric stenosis, etc., electrolyte and water losses should be replaced 
even though the presence of oliguria makes the dangers of overadmini¬ 
stration more hkely. In order to find out whether the oliguria is 
reversible, a litre of saline is given intravenously in one hour; if the urine 
flow rises to 20-30 ml./hr. or more it is reasonable to assume that the 
oliguria is reversible and to continue the saline administration. It has 
also been claimed that if the urine to plasma osmolal ratio is greater 
than 1-35, or the urine to plasma urea concentration ratio is greater 
than 6-6, the patient has a potentially rapidly reversible form of acute 
renal failure; whereas if it is below 1-035 or 2-14 respectively it is not 
immediately reversible. 

Ideally the patient should never be allowed to become oligsemic 
long enough for severe renad ischaemia to develop. If acute renal 
failure does supervene it is essential that its time of onset should be 
determined as accurately as possible, for though rapid intravenous 
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therapy may be h/e-savang in the first /ctr ?rours. 2-1-18 hours hter it 
may only precipitate pulmonary tedema, cardiac failure and death 

Treatment of the Oliguric Phase 

The aim of treatment during the oligunc phase is to keep the 
internal environment normal until the kidnej's rccov cr It is clear that 
this aim IS limited by tvvo factors (i) ilie rate at viucli the internal 
environment changes, which is mainly dependent on (a) (he rate of 
catabolism, and (b) the efBcac}* of treatment, and (2) the duration of 
the ohguna If the internal environment changes rclativelj slo\vl>. 
and the ohguna does not last more than two to three weeks, conferva* 
tive treatment may be sufficient But if the internal clnnges are 
rapid or the ohguna prolonged then it ma> be imperativ c to supplement 
conservative treatment wath artificial dialj-sis In practice it is the 
rate of change vs Inch is most liable to V'arj, and this m turn is largely 
determined by the extent of the associated trauma and infection 
When there is no trauma, c g followang abortion and poisoning, the 
nse in blood urea and potassium w often so gradual that conservative 
treatment is adequate But with extensive trauma, e g gun shot 
wounds and road accidents dctcnoration is so rapid that diat>'Si$ is 
usually necessary Tins dissimilanty is not onl> due to probable 
dilTcrcnccs m the rate of catabolism but also to the fact that traitmatie 
cases, and part icularly w ar casualties are liable to hav e large quan ti ties 
of intracellular products released from non viable muscles which have 
been ov crlooked during debridement 

Wintever means arc emplo>cd to treat acute renal failure, plasma 
electrolytes, urea and ghico*?c should be estimated at least once a da) , 
the dail) unne volume sliould be measured and Us content of electro¬ 
lytes and glucose estimated The patient should be weighed each day 
jf at all possible, and if the pilicnl is being treateil by dietary means 
and not lieing divly^ he should lose 0 2-0 5 kg per day, for tins is 
approximately the weight of endogenous sohds whicli arc metvl>olised 
each day 

An indwelling catheter should not be placed in the bladder, for it is 
likely to cause a unnai^' infection If the rate of unne flow w around or 
above300ml per clay therewill usually besponlaneousbbtldervojdmg 
once a day, if U is below this it is insufficient to influence decisions 
about treitment" 

COmeivadve Treatment 

Cp«/rp/ p/ll a(er Intdlf As soon as it is considered that the patient 
IS not deficient in water, the intake of water is limited to 500 ml a day, 
plus a quantity equal to the amount of unne pissed in the prtnous 
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24 hours. The total amount is increased in very hot weather and if 
there is much sweating. The amount of water required is best gauged 
by the weight (see above) and the effective plasma osmolality (i.e. total 
osmolality less the osmolality due to the urea content); if it is not 
possible to estimate the plasma osmolaKty the concentration of sodium 
is a less exact but useful substitute. The weight should faU gently 
while the plasma osmolahty or sodium concentration should not 
change. Unfortunately, the patient’s persistent thirst is no guide to 
his needs. 

Control of Electrolyte Intake. Following any initial replacement 
that may be necessary the further ingestion or administration of 
electrolytes (except for calcium) must be prevented. 

The plasma concentration of potassium should be kept below 
7 mEq./l. Some authorities have suggested that this can be done by 
the intravenous administration of calcium gluconate and insulin (50 
units per day) throughout the 24 hours. The latter, in association with 
a high glucose intake (see below), tends to draw the potassium into the 
cells and so lower plasma potassium. This is certainly true on a short¬ 
term basis, but the evidence that it is of much practical value over a 
prolonged period is not very strong. Resins in the sodium phase 
or preferably in the calcium phase are used to lower plasma potassium; 
the dose is 15 g. two to four times a day oraUy, or 60 g. as a retention 
enema with promulsin emulsion. The mosi satisfactory way to lower 
plasma potassium temporarily in an emergency is to give 200 ml. of 
molar sodium lactate intravenously in three hours. The rise in extra¬ 
cellular fK induces a compensating shift of hydrogen ions from the 
intracellular compartment and this in turn causes potassium to pass 
from the extracellular space into the cells. 

The fall in plasma sodium and chloride should be treated by limiting 
the fluid intake, for, unless there is a very clear indication of sodium 
and chloride loss before the onset of renal failure, its administration in 
order to correct plasma concentrations is potentially dangerous. This 
also applies to any attempt to correct the acidosis by giving sodium 
bicarbonate or sodium lactate, for the dangers of expanding the 
'• extracellular fluid volume and causing cardiac failure are greater 
than any benefit gained by a transient change in ^H. 

Control of Protein, Carbohydrate and Fat Intake. It is obvious that 
protein intake should be controlled. Nevertheless a protein-free diet is 
repugnant. In addition, it has been shown that if the carbohydrate 
intake can be maintained at a high level (around 200 g. per day) 
20-30 g. of protein per day will not influence the rate of rise of blood 
urea; and the patient feels much better. The additional potassium 
intake which this involves can easily be controlled with resins. 
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Carboh>dratcs should be free of electrolytes TJjc> arc gnen to 
slow the rate of endogenous protein breakdown and minimise the nsc 
in plasma potassium concentration {•vc: abo\ c) 100 g of carbohj dratc 
per daj will reduce endogenous protein breakdown by 50 per cent 
Additional amounts up to 400 g per day wU further reduce protein 
breakdown If the patient can be fed orally the aim is to gi\c as much 
carbohjdratc as can be tolerated The use of H>cal (Beccinm) winch 
contains 400 caloncs of carbohydrate as disacchandes and dextrose 
in ISO ml of water is of enormous help, and most patients find this 
palatable Anabolic steroids (Nilciar, I7-Eth>l 10 nor testosterone or 
Dunbohn 10 nor testosterone-njJ phenyl propionate) arc sometimes 
used to delay protein breakdown particularly in obstclnc eases 

Fits ln\c a protein sparing ’ effect and are used m combimtion 
with carbohydrates (Fat cannot safely be given mtravenouslj and 
Its administration by stomach tube is apt to cause diarrhoea ) 


AdMIMSTRATIOS of WaTFR and CARBOnyDRATES ISTRANFSOUSLV 

If the patient cannot eat it is necessary to introduce water .and 
carliohydratc requirements intravenously 

PcRirin RAL Vein An isotonic solution of glucose is one of 6 per 
cent if concentrations of 10-15 per cent are given into a pcnphcral 
vein, pam and thromboses arc apt to occur after about 6-10 hours 
If the patient has many easily accessible veins an attempt can be made 
to give a 15 per cent solution by cliangmg the site of the intravenous 
needle at about 8 hourly intervals In this way thrombosis may be 
avoided and a continuous administration mamtained If the veins arc 
’ poor •’ then it is unwise to give a concentration greater than 10 per 
cent, and even walh this concentration the veins arc more likely to 
remain patent if the site of the needle is changed at least once a day 
Pam and sw clhng ov cr the v cm can sometunes be controlled by placing 
10 mg of hydrocortisone in approximately each litre of infnsmg fluid, 
and clotting m the needle can be prevented by adding 1,000 units 
hcpinn 

It IS most unusual to be able to give 100 g glucose per day into a' 
pcnphcral vein at thc<c high concentrations ^\^lcn difTicullin occur 
the attempt to give glucose is sacnficed to the need to keep the water 
intake wathin the bounds dcscnbcd above, and the concentration of the 
infusions arc lovrcred 

Centr-vl Vein Glucose concentrations as fugh as 50 per cent can 
l>e infused intravenously Uirough an indwelling polythene tube placed 
into the jnfenor vena cava via avaphenous vein forthcOS-O-Sml per 
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min. of glucose solution is diluted in 2-3 litres of blood. This technique 
needs the least supervision and causes little overt trouble at the site 
of the infusion; if heparin (1,000 units per litre) is placed in the solution 
the tube does not become clotted; the rate of flow is always easily 
controlled and has no sudden fluctuations; the patient has both arms 
free and is not subject to recurrent needle punctures and tender veins. 
Nevertheless, there is one serious complication. A thrombus may form 
at the saphenous vein incision and spread up through the common 
iliac vein into the inferior vena cava. There have been some fatalities 
from pulmonary emboli in patients who have recovered from the renal 
failure. 

Control of Nausea and Vomiting. These may sometimes be controlled 
with thiethylperazime preferably by injection. 

Control of AncBmia. It is usually inadvisable to try to treat the 
progressive anaemia by transfusions, for the risk of inducing cardiac 
failure is very great. 

Control of Infection. The HkeKhood of infection is so great that 
some centres now treat all patients with acute renal failure in isolation. 
Antibiotics are not given unless am infection develops. It must be 
remembered that if the antibiotic that is used is one that is usually 
eliminated in large amounts in the urine, e.g. streptomycin, it may 
be dangerous, after the initial loading dose, to give more than small 
maintenance doses. 


Therapeutic Measures to Avoid 

The frustration of seeing a patient gradually dying from acute renal 
failure, who may have been recently saved from death by an emergency 
operation, has in the past prompted the use of certain useless and 
dangerous measures. As they are still occasionally used they are 
enumerated here, so that their eventual eclipse may be hastened. 

(1) The intravenous administration of large volumes of osmotic 
diuretics or the attempt to force a diuresis by overexpansion of the 
extracellular fluid space with large quantities of intravenous saline; 
these will almost certainly cause cardiac failure. 

(2) Encouraging the patient to drink large quantities of water while 
giving 5 per cent glucose intravenously; this causes water intoxication, 
and pulmonary congestion. 

(3) Renal decapsulation and paravertebral block; the trauma of 
the first procedure hastens the rise in blood urea, while the second may 
cause hypotension. 

None of these measures is beneficial; some are lethal. 
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DlatysU 

Peritoneal Dial)-8i5 Now that industrj has made a%'3ihhlc a 
stcnle disposable perforated plastic tube \nth a built in steel trocar 
and that dial}'sing solutions for peritoneal are also a^’ailable 

commercially, together with disposable slcnJe connections pentoneal 
dialj’sis is a rclatu'clj simple and safe procedure The catheter should 
be placed under aseptic conditions into the peritoneal ca\itj m the 
direction of the pelvis and a stnet aseptic di^plme instilled into all 
those concerned wth Uie dialysis There are a v~incty of waj*s the dia 
l>sis can be earned out Tlic following has been found convenient 
Dialj'sis only takes place from 0 a-in to 10 p m —dunng the night tlic 
pentoneal catheter is left %n si/ri but disconnected after clamping Two 
litres of a dtal>sing solution is run in and then as much more as the 
patient wall tolerate usuall> not mud) more tlian another litre 
TliC fluid IS then allonod to run out again immediately until two litres 
has been evacuated Two more hires arc immcdiafch run in and then 
out again In this way dialysis talcs place continuously for there is 
ahvay'5 some fluid in the pentoneal cavatj Tlic number of exchanges 
IS usually around one per hour and as the fluid is always movnng 
through the connecting tubes the nsk of dotting and fibnnous 
obstruction is greatly diminished Nevcrtliclcss it is wise to put 
COO units of Hepann m each of the first two or three exchanges 

Tlic osmolality of commcraal dialysis fluid is either near that of 
plasma or stronger If it is necessary to remove cedema fluid or there 
IS some difiicuUy in getting the dialysis fluid to flow out of the pen 
toncum the stronger solution is used If possible the patient shoul 1 be 
sat up out of bed for a few hours dunng the day without interrupting 
the dialysis for otherwise the danger of pulmonary collapse at the 
lung bases with subsequent infection is considerable All patients lose 
some protein into the dialysis fluid some Io<c a great deal TIih can 
be monitored to a certain extent by Ivncc daily h^mitocnl and fre 
quent estimations of plasma pretcin concentration m addition to 
keeping a watdi on the blood pressure and tlie heart rate Sometimes 
it i> worth collecting atl the dialysis fluid winch has been used in a dvv 
tn one large coniamfr ind measunng its protein content Protein fors 
can be made up by the inlnvcnous administration of suitable qumtities 
of plasma The nsk of sepsjs depends a great deal on how long tl e 
catheter is kept t n nhi After 30 hours the rate of infection nses steeply 
It IS uvdess to place antibiotics prophylictically into the pentoncil 
fluid If a mid stream ’ samyde of the fluid coming from the patient 
15 cultured once a day an infection on be treated with the appropriate 
antibiotic directly into the pentoneal cavity and systemically ‘kime 
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patients, particularly men, suffer much discomfort during peritoneal 
dialysis. Considerable quantities of analgesics may have to be given 
and in these patients the risk of pulmonary infection is particularly great. 

Haemodialysis. The main use of haemodialysis is in the treatment 
of patients whose kidneys have failed once and for aU. Its use in 
acute renal failure has diminished greatly since the introduction of 
peritoneal dialysis. 



Fig. 13.4. Changes in total COj content of arterial blood and cerebro¬ 
spinal fluid brought about by hsemodialysis. (Lambie, Anderton and 
Robson, 1964, Blackwell Scientific, Oxford), 


There are many types of artificial kidneys. All of them are suitable 
for the treatment of acute renal failure. If such a machine is used 
sporadically, it is best to use one that has disposable sterile components, 
even if they are expensive. The purpose of an artificial kidney is to pass 
the patient’s blood on one side of a semi-permeable cellophane type 
membrane while a dialysing fluid is passed on the other. 

One useful dialysing fluid consists of Na‘*'130, K + l, Cl "90, 
acetate"35, Ca+'*'2-5, Mg’*'’*'!, mEq./l., glucose 200 mg./lOO ml. (As 





TREATMENT 


acetate is melabol:«ed to bicarbonate its nse greath simplifies tJie 
tedmical preparation of the dialysing fluid) Tlic blood gradual!) 
equilibrates with the dialj sing fluid and the patient should feel better 
It is important to note howc\er tliat if this process of equilibration 
takes place too quickl) the patient maj haN c 8c\ cre hcadaclics % omit 
mg fits and become unconsaous This is due to the fact that during 
the ciial^’sts the clianges m the content of urea and bicarbonate in the 
brain lag behind those m the blood TJiis causes two cerebral distur 
banccs Tlic first is due to the content of urea in tlic brain becoming 
higher than in the blood Tins causes an osmotic gradient \\ater 
difiuscs into the brain and there is cerebral redema Tlic second is due 
to the brain bicarbonate rising more slowly than the blood bicarbonate 
Tlic nse m blood bicarbonate is assoaaicd with a reduction m vcntila 
tion and a nse in blood PcOj towards normal As COj is rcadilj 
diffusible PcOa in the cerebrospinal fluid nses at the same rote as in the 
blood In the cerebrospinal fluid however there is now a rclatixclj 
unchanged low bicarbonate but a rising PcOj with the result that the 
ahead) low/iH falls to even lower levcl> (Pig 13 4) Tlicsc compltca 
tions arc avoided by not allowing the patient to become too ill before 
dialjsts IS begun bj dialj-sing more slowly or b> dialjTing for sliorl 
penods at frequent intervals Fxccss fluid is removed from the patient 
b) hanng the dnl}-sis fluid in the artificial kidnc) at a negative pressure 
<0 that water is sucked across the cellophane b> ultra filtration Dunng 
dial>'sis the patient has to be licpanmscd If he has reccntl) had a 
surgical opcntion or an accident the hepann wall have to be given wath 
great care Tlic simplest wa> is to give a small continuous infusion into 
the blood just as it leaves flic patient to enter the artifiaal kidncj 
The dose is adjusted so (hat it keeps the artificial kidncj from dotting 
but isinsuffiacnt tocauscan} important diangc in the patient s dolling 
time Altcmaliv cly hepann is giv cn m the same place but prolamine is 
given into the blo^ just before it returns to the patient This is sup¬ 
posed to neutralise the hepann This technique is known as regional 
iiepanni-sation It is a cumbersome manreuvre which has little to 
commend it it is rarcl) as satisfactorj as the one mentioned above 

Indications for Dial>-sis 

It has been cstablidicd that the higher the blood urea nscs thcwor»< 
the prognosis and if the blood urea is allowed to above 300 mg / 
100 ml the patient maj liavc a fatal harmorrhage either into th*' 
pcncardium or gastro-intcstmal tract One imjwrtant indication for 
dialj'sis therefore is a Wood urea neanng 300 mg /JOO ml As changes 
u*:uaUv occur at a uniform rate it is a fair assumption to extnpoUtc 
into the near future from the immediate past an 1 it is thus jxiiv ble to 
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anticipate events. Some consider that the blood urea should not be 
allowed to rise above 200 mg./lOO ml. Another indication is a rise in 
plasma potassium to 7 mEq./l. despite other forms of treatment 
(e.g. resins). A plasma bicarbonate below 10 mEq./l. severe acidotic 
respiration, increasing stupor, confusion or coma are also indications 
but will rarely be present before the ones already mentioned. 

The artificial kidney is used only in those patients in whom the rate 
of rise in blood urea or plasma potassium is so great that peritoneal 
dialysis has either been shown to be inadequate or is likely to be difficult. 
The first is particularly the case when acute renal failure is associated 
with multiple injuries in a young man, or when an infection develops ; 
the second when there are abdominal injuries. 

A tremendous advantage of dialysis, peritoneal or with an artificial 
kidney (particularly with a Scribner shunt in position), is that if dialyses 
are performed each day, dietary restrictions are unnecessary and there 
is no need for fluid restriction. This improves the patient’s morale and 
his physical condition and probably reduces the length of convalescence. 

Treatment of the Diuretic Phase 

With conservative treatment it is vital that the strict regimen of 
the oliguric phase should be continued until the blood urea begins to 
fall. Frequently a partial recovery with a daily urine volume of about 
700 ml. may progress no further for several days; it is imperative that 
during this time treatment should not be relaxed. 

Once the diuretic phase begins the dangers to look out for and 
correct are water depletion, salt loss and potassium loss. It has become 
clear that much of the polyuria which these patients experience is often 
only the evacuation of excess extracellular fluid, and attempts to 
replace it only prolong the diuretic phase and may lead to over¬ 
hydration. An exact replacement should not, therefore, be attempted 
unless there is evidence of need. It is more important to be guided by 
the patient’s general condition, pulse rate, blood pressure, thirst and 
plasma electrolyte content than by the urine volume and its content. 
Intravenous therapy is stopped unless there is nausea, vomiting, 
confusion or coma, and the patient is encouraged to eat a high potas¬ 
sium, high salt diet, and given easy access to large amounts of water. 

PROGNOSIS 

The prognosis of acute renal failure depends on the initiating cause 
and its associated circumstances (e.g. multiple injuries), the severity 
of the renal lesion and the efficiency of treatment. It is fair to say, 
however, that whereas there was a mortality of about 90 per cent 
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before the introduction of conserx’ative treatment and artificiai dtal 5 ’sis, 
it is now nearing 40 per cent In obstetric and medical cases the 
mortality is rather less than 16 per cent whereas in surgical cases It js 
usually greater than 60 percent In some of the most advanced centres, 
liow ever, tlie mortality in surgical cases has recently been brought down 
to between 10 and 30 per cent 20 per cent of all deaths are due to 
infection, and it contributes significantly in another CO per cent. 


BIBLIOGRAPHY 

Balslov, J T , and JflRCEvsEv. 1! n (1903} " A sur\ey of 499 patients %uh 
acate anunc insufTiaenc^ Causes treatment, and mortalit) " Arrn.J, 
Med . 34. 733 

BtocK. M A , Wakjm, K C , Mavm r C. and BrssETT, W A (1952) ** Renal 
lesions and (unction lollowing prolonged espenmental lij-potens'on ■' 
Surf^try, 32, SSI 

Boev. S T (1834) •' Pentoneal dtaij'sts m cltmcal medicine Charles C 

Thomas. Springfield, lit 

Blrvett, C. it, SiiAPiBO, S L., SiMcosE, r A , BEfciicR. H K. Malldsy, 
T. B. and SuttivAv r R (1047) ' Renal function studies m the 

wounded " SufStfy 22, SSO 691 

Cowie, J , Lamoie, A T , and Roo$Q^, J S (IDS2) "Tlie influence of extra> 
corporeal dial)^^ on the acid base composition of blood and cerebrospinal 
fluid •* Clin iet S3. 397 

Daicaaro O 7 . and PEncRscN. K J (1959) ” Renvl tubular degeneration. 

Dectren microscopy in bchxmlc anuna * Laiuti. Z, 494 

ruAttoo. ir E . and bata, A (1933) ** The diagnosis of acute renal failure ” 
2. 587 

Evaks. 0 M . ttusirrs Jqves N C Mils? M D and Yeixonslcea 1! (1853) 
" Ion-exchange resins m the treatment of anuna " Lanttt 2,791 

Cioxur. S, and Timvscv J If (I85S) * Anabolic steroids in treatment of 
urrmla *' Laneel, 2, 880 

Kallsn, R ] , Zaltzsiav, S ,Cor F I- and Metcott J (1906) “Hemodia¬ 
lysis fa children techniipie. kinetic aspects related to vaf) mg body sire, 
and application to salic>Utc intosication acute renal failure and some other 
disoniers “ Medicine, 45, 1 

Kariav. S a , and I omov. S J (1953) ' Funebon rccos-er) pattern In acute 
renal failure following ingestion of sncrcufjc cJiJonde ' Am/r J />»* CiiW. 
BS. C33 

Iamiuf, a T AnorRTOV. J I... and Rotisov. J S (1064) “ Add base dis- 

ftirluinccs in retu! fsilore before and after dulivts ” In ’Acute Renal 
I allure a bjinpOMum Ed by '^klson S and Ccxilc, G C. UbeVwcll 
Scientific I*ubs. Oxford p 81 

LiEftrxvfAX, E.. Hn.'sra, I". l>ovvrti.. C K Lavpivc B II. and Hamwovo. 
C D •“/femofj tic uremic a>i»dbime ’ .A’cT/rgi* / Afe^,iT$,tZ7. 

l430ciiRincr.L.\V,SliLseE Si 1).SnAcmiAX. It andNSoorrox IDF (1960). 
“Oinfcal course of uncomplicated acute tubular necrosis " Lancet 1. 3SI 

Lou"*. K G (1952) “Tlie late prognosis In acute taliular necrosis * Lannl. 
1 ,1086 

MA’fERSOX, H S (1063) “ Tlie l>*mphatic »>-stem snth pvrticuUf reference to 
tliekidnej “ Sn'o C)mc Olslet. 116. ZiO 

Muxck. O (1958) “ Renal Circulation In Acu'e Renal Failure “ BUckwrU 

Scientific Fu^. Oxford 

Ous-t«. J (1933) “ CorreUtions of strocrare and function and mecharisns cf 

recovery in acute tubular necrosis ’ Amrr J 15, 635, 



164 ACUTE RENAL FAILURE 

Oliver, J., MacDowell, M., and Tracy, A. (1951). “ The pathogenesis of 
acute renal failure associated with traumatic and toxic injury; Renal 
ischaemia, nephrotoxic damage, and the ischaemuric episode. J. din. Invest., 
30, 1305. 

Patel, R., McKenzie, J. K., and McQueen, E. G. (1964). " Tamm-Horsfall 
urinary mucoprotein and tubular obstruction by casts in acute renal failure." 
Lancet, 1, 457. 

Rarer, F. P. (1956). " Idiopathic retroperitoneal fibrosis involving the ureters." 
BHt. J. Urol., 28, 436. 

Shaldon, S., and Cook, G. C. (Eds.) (1964). " Acute Renal Failure: a Sym¬ 
posium.” Blackwell Scientific Pubs., Oxford. 

Sheehan, H. L., and Moore, H. C. (1953). “ Renal cortical necrosis and the 
kidney of concealed accidental haemorrhage." Blackwell Scientific Pubs., 
Oxford. 

Shubin, H., and Weil, M. H. (1965). " The mechanism of shock following 

suicidal doses of barbiturates, narcotics and tranquillizer drugs, with obser¬ 
vations on the effects of treatment.” Amer. J. Med., 38, 853. 

Swann, R. C., and Merrill, J. P. (1953). " The clinical course of acute renal 
failure.” Medicine, 32, 215. 

Teschan, P., Post, R. S., Smith, L. H., Abernathy, R. S., Davis, J. H., Gray, 
D. M., Howard, J. M., Johnson, K. E., Klopp, E., Mundy, R. L., 
O’Meara, M. P., and Rush, B. F. (1955). “ Post-traumatic renal in¬ 
sufficiency in military casualties. I. Clinical characteristics." Amer. J. 
Med., 18, 172. 

" II. Management, use of an artificial kidney, prognosis.” Ibid, 18, 187. 

DE Wardener, H. E. (1955). " The intrarenal pressure in experimental tubular 
necrosis." Lancet, 1, 680. 

Wolthuis, F. H. (1961). " Balance studies on protein metabolism in normal 
and uraemic men. Effect of diet, bed rest and anabolic steroids.” Acta med. 
Scand., suppl. 373. 



14 

CHRONIC RENAL FAILURE 

CitROVic renal lailurc consists ol a persistent impairment of both 
glomerular and tubular function of gradual onset and of such sea cnly 
that the kidneys arc no longer .able to keep the internal cniironmcnt 
normal Tins definition includes mild asymptomatic functional impair* 
ment, which is sometimes called “ chrome renal impairment ” 

Chronic renal failure follows a great number of conditions which 
dct'aslate the kidney Its clinical features, however, arc remarkabl> 
uniform, for usually renal failure is simplj due to a defiaenej of 
nephrons, and a fairly fixed combination of disturbances is inev itable 
It IS in fact the exceptions to this recurring pattern which cause 
cunosity, for example, when the blood pressure has never been raised, 
and 5 *ct at autopsy the kidnc>s arc found to be small and fibrous 

Tliere are certain sclccltv c disturbances of tubular function m w hich 
initially there is httle or no evidence of a decline in the number of 
neplirons Tliesc s>7idromes arc usually named after the particular 
disturbance of tubular function involved, ic familial nephrogenic 
diabetes insipidus, they are discussed elsewhere (p 209) 

CAUSES OF CHRONIC RENAL FAILURE 

1 DrsTRUCTivx Disfasfs or Unknown Causc rosstCLY dve 

TO Aonobjial Antigen Antibodv Kcactions 

Glonipnilar nrphrjlu 

rol)artmm nodosa 

Dssscminatrd lupus cr)Hifnutosus 

Subacute bacteml endocanJitto. 

Anaplijlacloul purpuru 

2 Infection 

Pjtlonephntis 

Tuberculosa. 

3 Obstruction to the Ukinarv Tract 

Bilateral calculi 
Prostatic obstruction 
Urethral silx-es etc, 

4 Congenital Lf'uons 

roh'cs’Stic disease 

Tubular abnormabues (&nal sUs^} 

Its 
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5. Hypertension 

Malignant. 

Non-malignant. 

6. Others 

Amyloid. 

Gout. 

Diabetic nephropathy. 

Hypercalcaemia. 

Chronic intermittent hasmoglobinuria; (i) sickle cell; (ii) nocturnal. 

Renal vein thrombosis. 

Myelomatosis. 

Radiation damage. 

Any other renal diseases which eventually destroy the nephrons, e.g. 

tubular changes associated with metallic cation loss. 

Chronic renal failure is characterised by a wide variety of bio¬ 
chemical disturbances and numerous clinical signs and symptoms. It 
is one of the outstanding pecuUarities of chronic renal failure that some 
of the biochemical abnormalities do not cause any S 3 mLiptoms, while 
most of the clinical abnormahties have no known biochemical cause. 

The following account of chronic renal failure is divided into two 
parts. The first describes the biochemical abnormalities which have 
been identified and the clinical manifestations which they cause; the 
second describes the many chnical features of unknown cause. 

Biochemiccil Features cind their Clinical Manifestations 
Water Metabolism 

Thirst and nocturia occur frequently, polyuria is less common. 
The symptoms are due to a diminished capacity to concentrate the 
urine and to a loss of the normal diurnal rhythm of urinary excretion. 
Often the ability to make the urine hypotonic remains for someTime 
after the ability to concentrate has almost disappeared; later the 
urine concentration remains fixed at the same osmolality as plasma, 
a phenomenon known as isosthenuria. 

Though inability to make the urine hypertonic may be due in part 
to a diminished functional capacity of the nephrons which remain, it 
is mainly due to an increased rate of solute excretion per nephron. 
This is an explanation which has been advanced earlier (p. 53) but 
which can be elaborated here. It is evident that in chronic renal 
failure the total solute output remains almost unchanged, for the 
patient is usually in normal electrolyte and water balance, and yet 
nearly always there is a considerable reduction in the number of 
functioning nephrons. It follows, therefore, that each surviving nephron 
must be handling much larger quantities of solutes and water 


V.ATER MFTAnOLISM If" 

than normally Tins ja a situation similar to tint obtaining in each 
nephron of a dehydrated normal pwson «ho has been gi\en a lai^c 
quantity of a solute such as sucrose mannitol or urea which is then 
promptly excreted in the unne the rate of solute excreted per nephron 
increases and there is a concomitant nse in unne flow and/ul/in tinrf 
concenlraUon i e there is an osmotic diuresis (p 52) There is now 
increasing evidence that the impaired ability to concentrate the unne 
in cliromc renal failure is mainly due to an osmotic diuresis It follow-s 
that this apparent impairment is not an indication of diseased nephrons 
but of a deficiency of nephrons 

In chronic renal failure there is frequently an increased turnover of 
water and the ability to dilute the unne remains normal or better than 
normalforaconsidcrablctime But there is diminished abilily toexcrete 
a water load rapidly This occurs before as well as after theabihty to 
make the unne hypotonic has disappeared \\Tien it is present before 
it is presumably due to the dimini^ed number of nephrons for cn if 
each nephron forms a liy'potonic unne at a normal rate there is an 
insufTiaent number to increase the total unne flow adequately This is 
the reason why polyuna is nc\cr gross in chronic renal failure and 
seldom exceeds 3*4 1 /2i hours in contrast to the S-10 litres found in 
diabetes insipidus or compulsive polydipsia \\'hcn the kidneys can no 
longer form a hy’potonic unne the inability to excrete a water load is 
easier to understand 

Tlicse disturbances make patients suflenng from chronic renal 
failure vulnerable to acute changes in water balance Diarrhcra and 
vomiting may quickly cause severe dcliydration for the output of 
water and salt docs not drop as sharply as m the normal convxrsclv 
an impetuous intniv cnous administration of water (5 per cent glucchc) 
may cause ov crhydralion Sometimes slight nausea with a distaste 
for eating and dnnking is sufliaent to cause dehydration when a vaaous 
circle of increasing renal failure more pronounced nau'xa and further 
dehydration then occurs 

Hyvlrogen Ion Metabolism 

On a normal diet the kidney hxs to excrete alioul -lO to CO mlTq a 
day of hydrogen ions to prevent the internal environment from bccom 
mg aad (p ri) In chronic renal (ailuie there is an impitrcd ability 
to eliminate hydrogen ions whtcli results in a svstemic acidosis with a 
fall m plasma pM and bicarborutc Tins is due to {!) a reduced abilitv 
to excrete ammonia presumably caused by the d mmished number of 
nephrons and (2) a reduced titratablc aad excretion due to a dnunisl ed 
excretion of buffer phosphate wluch is mainly due to a dniimd nl 
intake of phosphate The unne fll vs usually below 5 0 and there is 
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therefore no impairment in the ability to maintain a hydrogen ion 
gradient. Nevertheless, if the plasma bicarbonate and are raised to 
normal by an intravenous infusion of sodium bicarbonate or lactate and 
the patient observed thereafter as he returns to his original acidotic 
state, it is evident that the urine pH does not fall in a normal manner. 
In some patients the urine pH does not faU below 5-0 until the plasma 
bicarbonate is less than 20 mEq./l. whereas in a normal individual the 
urine pH falls below 5-0 when the plasma bicarbonate is less than 
24 mEq./l. It is apparent that in chronic renal failure, therefore, the 
ability to acidify the urine in response to a standard rise in plasma 
hydrogen ion concentration is in fact below normal. This is due to the 
nephrons impaired ability to reabsorb bicarbonate which in turn is due 
to their reduced ability to secrete hydrogen ions and this stems directly 
from their reduced number. 

The most remarkable phenomenon about hydrogen ion metabolism 
in chronic renal failure is that though the plasma bicarbonate and pH 
may be depressed, the plasma concentration of these two substances 
may remain at the same level for many weeks or months. Or in other 
words, though the patient can only get rid of a fraction of the hydrogen 
ions he is producing each day, and he is thus in positive hydrogen ion 
balance, he does not become increasingly acidotic. The probable explana¬ 
tion is that the hydrogen ions are being neutralised by calcium carbonate 
and other calcium buffers in bone. 

Kussmaul respiration is the only clinical feature which is un¬ 
doubtedly due to the acidosis; its severity is determined as much by 
the rate of faU in pH as by the extent of its reduction. There is also 
increasing evidence that at least part of the bone changes in chronic 
renal failure are due to the retention of hydrogen ions. In addition 
there .is a considerable list of signs and symptoms, particularly 
of the alimentary and central nervous systems, which it is considered 
may possibly be caused by the acidosis. It is also possible, however, that 
the pharmacological actions of the unidentified " renal failure anions ” 
are responsible. These clinical disturbances are discussed below. 

Sodium and Potassium Metabolism 

Abnormalities of electrolyte balance are unusual until the final 
stages of chronic renal failure. As the nephron population diminishes 
each remaining nephron reabsorbs less salt and secretes more potas¬ 
sium. This is an adjustment which is not purely passive, for salt 
reabsorption can be increased by dietary salt restriction or cardiac 
failure, and potassium excretion may exceed the amount that is 
filtered. Overt deficiency, or retention of either sodium or potassium, 
is therefore unusual. Nevertheless, patients with chronic renal failure 
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are progressn ely less able to adjust to sudden diangcs in sodmm and 
potassium mtake In addition it is probable that a state of persistent 
negative sodium balance occurs more frequentlj than is suspected 
Such patients tend to excrete 2-11 of unite a day and have a normal 
blood pressure, the renal lesion ts often chrome pj cloncphntis polj 
cj*stic kidnej’s or long standing back pressure In these arcumslances 
the increased liability to excrete sodium because of the osmotic 
diuresis per nephron is counterbalanced bj an increased hormonal 
tubular retention of sodium uhicli has itself been stimulated b) the 
negatne sodmm balance caused by an initial nett leak of ormar} 
sodium Very occasionally the unnary leak of sodium continues in 
spite of the compensator} mechanisms and the patient suffers from 
overt sodium deficiency Such patients have advanced chronic renal 
failure severe loss of renal parenchyma and adrenal hj^perplasn 
Aldosterone secretion is increased This sjmdrome is voTnetimcs ^oivn 
as salt losing nephntis 

Disturbances of potassium balance occur even less frequently than 
those of sodium In contrast to sodium the tendency is for potassium 
retention Tlic concentration of plasma potassium is usually raised 
to high normal levels or slightly above normal and dunng the terminal 
pha<« It IS often higher A renal leak of potassium can occur but is a 
V cry rare phenomenon 

Caldum Melabolum 

The disturbances to calaum metabolism m chronic renal failure are 
multiple and largely incomprehensible Unnary calcium excretion falU 
lovery low values (10 mg May or less) and there is little or no calcium 
ibsorbcd from the gut Calaum balance therefore is relatively normal 
Fhsma calaum is cither normal or low The cause of the low unnary 
excretion and gut absorption is not known nor is the occasional 
fall in phsma cilcium understood 

Patients who have suffered from dironic renal fulure for several 
y ears tend to dev clop ostcomahcia in adults (or nckcls in children) 
osteitis fibrosa and osteosclerosis All three bony lesions arc usually 
present at the same time though ©nc may be more prominent Tlie 
ir//oci M evTC o! AVtafcrAaAwvo Si tf ROi RhtShrr ihis 

xpjmcnt decalafication is due Co negative calaum balance or to 
rcthstnbution of calaum wnthm (he bone it is probably the Litter It is 
pQ-vsible that tbe osteomihai and tickets ate due to a circulating sub 
stance whicli prevents calaum depo^tion in bone, such a subs‘incc 
has been demonslratctl m the blood of patients suHering from chronic 
renal fulure W hen the bone lesions berome widespread there is a n^e 
in plasma alkaline phosphatase Tlie cause of the hypcrparatbyroi Jiim 
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(which is responsible for the osteitis fibrosa) is also unknown. It may be 
due to an attempt to keep plasma phosphate concentration within 
normal limits. It is associated with hypertrophy of the parathyroid 
glands and an increase in circulating parathormone. This hyper¬ 
trophy is directly related to the plasma calcium so that if there is httle 
or no hypertrophy the patient has hypocalcaemia and tends to have 
osteomalacia, whereas if there is considerable hypertrophy the plasma 
calcium is in the high normal range and the patient will have osteitis 
fibrosa. Osteomalacia tends to precede osteitis fibrosa. 

Clinical or radiological evidence of these changes is uncommon. 
At first, decalcification causes no chnical s 5 anptoms. After a time 
it can be recognised radiologicaUy. Later there are vague aches 
and pains which are frequently disregarded as " rheumatism,” or 
arthritis. Eventually adults may be disabled by the development of 
the characteristic, bilateral, symmetrical lesions of osteomalacia; in 
children the classical deformities of rickets develop. 

Severe hypocalcasmia is not uncommon, and occasionally there may 
be tetany. The bone lesions may be cured by the administration of 
calcium carbonate and vitamin D enabling the patient to lead a normal 
life for many years thereafter. 

(It must be stressed that, though parathyroid hyperplasia occurs in 
chronic renal failure the level of serum calcium is usually below normal, 
that normal levels are unusual, and that levels above 12 mg. per 100 ml. 
do not occur unless there is an adenoma of the parathyroid. When a 
high serum calcium coexists with renal failure the high calcium is not 
the result of the failure, it is usually its cause.) 

Magnesium Metabolism 

Plasma magnesium and magnesium balance are normal in chronic 
renal failure whatever the creatinine clearance. There is reduced 
alimentary absorption and urinary excretion of magnesium due in part 
at least to the reduced intake of magnesium consequent upon increasing 
anorexia and medical advice to eat less protein. The ability to excrete 
a sudden load of magnesium, however, is severely impaired. The use 
of magnesium sulphate as a purgative may therefore be lethal. Some 
rise in plasma magnesium has also been claimed in patients taking 
magnesium trisilicate. 

Phosphate Metabolism 

As glomerular filtration rate falls, tubular reabsorption of phosphate 
also diminishes, and phosphate excretion remains unchanged. This 
is due in part to an increase in parathyroid hormone secretion which 
inhibits tubular reabsorption of phosphate. Plasma phosphate therefore 
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does not nse until the creatinine clearance is approximately l(>-20 ml / 
nun , e\en then tJie nse is usually a modest one. This stability is also 
due in part to a fall m phosphate intahe \shicli accompanies a r^uction 
of protem intake Occasionally, houcier, particularly m patients who 
drink much milk, plasma phosphate may nse to more than 20 mg / 
100 mk This may cause tissue calafication including acute arthritis 
from precipitation of calaum m the ^movial fluid (pseudo-gout) 

Urea Retention 

The nse in blood urea is doe to the diminished glomerular filtration 
rate TJierc is much cvadencc that urea itself is not responsihlc for any 
of the syTnptoms of renal failure, it has been shown that uraimic 
patients can be greatly improved by the use of an artifiaal kidney 
vsnthout necessarily clianging the level ol blood urea, and it is well 
known that in acute renal failure, where the blood urea rises to a 
plateau and then falls, the patient s general condition may be critical 
as the blood urea is nsmg, but that at an idcnbcal v'ahie a week later 
tlicre may be a vast improvement 

Retentlen of Other Substances 

It IS wcll-estiblishod that the longer the blood urta has been raised 
the greater the discrepancy between tlie plasma concentration of non- 
protein nitrogen and urea. Thw is due to a nse in the concentrations of 
unc aad, creatinine, phenol denvativcs, amines and other nitrogenous 
metabolites of protein metabolism Plasma unc aad does not nse until 
the creatinine clearance is less than 20 ml /mm , \ cry occasionally if 
the concentration rises above 10-15 mgflOO ml it may prcapitate an 
acute attack of gout The nse in plasma creatmme is not thought to 
produce any syTnptoms Tlie importance of the nse in plasma creatinine 
is that in advanced renal failure it is a far better guide to the extent of 
accumulation of protem metabolites than is the level of blood urea 
A blood urea of 100 mg flOO ml may be assoaated viith plasma 
creatmme levels of 3 to 20 mg/lOO ml depending mainly on the diet 
the patient is having, the duration of his illness and the glomerular 
filtntion rate. A plasma creatinine of 3 mg/100 ml is of no immediate 
prognostic importance, whereas with a pUsma creatmme of 20 mg/ 
100 ml the patient is likely to die withm a few days from a gastro* 
intestinal liaimonhage. a lucmotthagic pericarditis or some other 
calamitous complication 

It has been claimed that Iheincnasedijuantity ofarcuhtingp* ends 
IS responsible for some of Uie features of renal failure, sudi ns laMitud', 
nausea and anxmia but there u no significant correlabon belwetn the 
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blood concentrations of phenol and any particular symptom. The rise 
in amines is probably of more consequence. 

There is also a retention of sulphate, some unidentified anions and 
urochroniogen. The retention of sulphate and unidentified anions 
together with phosphate is responsible for the fact that as the serum 
bicarbonate falls with the increasing retention of hydrogen ions there is 
no compensatory rise in plasma chloride; there may even be a fall. 
This is in contrast to what takes place in the tubular disorder some¬ 
times known as " renal tubular acidosis ” (p. 216) where there is hydro¬ 
gen ion retention with httle disturbance in glomerular filtration rate 
arid therefore no retention of phosphates, etc. The fall in plasma 
bicarbonate which accompanies the accumulation of hydrogen ions is 
then associated with a compensatory rise in plasma chloride, i.e. 
hyperchloraemic acidosis. 

The diminished excretion of urochromogen is one reason why the 
urine is pale even in subjects without polyuria; it is also claimed that 
the retention of urochromogen probably causes the characteristic dirty 
yellow pigmentation (sometimes called “ earthy ”) of chronic renal 
failure. 

Anaemia 

The anaemia in chronic renal failure is mainly due to a depression 
of bone marrow function (p. 104). Blood loss is not important except 
in advanced cases with a continuous slow leak from ulcers in the 
gastro-intestinal tract or following a hasmatemesis or melaena. In the 
later stages of renal failure red cell fife is shortened. 

If the hematocrit in a patient suffering from chronic renal failure 
and anemia is suddenly raised by a transfusion there is a transient fall 
in glomerular filtration rate and rise in blood urea, due to a delay in 
the normal vasodilating response to a rise in hematocrit (p. 95). This 
sharp fall in glomerular filtration rate, which often takes place upon 
transfusing cases of renal failure, may sometimes be fatal if the presence 
of kidney disease is unsuspected and transfusions are continued until 
the hemoglobin is normal; the blood urea rises rapidly and the patient 
dies of acute renal failure. Nevertheless, as acute hemorrhage causes 
intense renal vasoconstriction, transfusions are occasionally inevitable; 
and when chronic anemia is sufficiently severe to cause or contribute 
to the onset of cardiac failure, there will be an additional depression of 
renal function which may respond to small transfusions of packed cells. 

Proteinuria and Urinary Cell Content 

Proteinuria is nearly always present in chronic renal failure, but 
the concentration of protein in the urine is no guide to the severity of 
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the failure, there are even reports of adv-anced dironic renal failure 
without proteinuna At first proteui may appear intermittcntli' and 
then only after standing m the apnght posture If a nephrotic s>*n- 
drome has preceded the onset of renal failure the daily protem excretion 
wll sometimes dimmish as the glomerular filtration rate fills 

Granular casts and an excess number of red and white cells arc 
alM> found (p 33) Tlie characteristic though uncommon finding of 
advanced renal failure is the appearance of broad casts, endence of 
dilated nephrons 


Clinical Features of Unknown Cause 

CastrO'lnlestinal 

Tljc tongue in renal failure is classically described as being bro»n 
and drj’ Tliough it is true that sucli an appearance is frequentlj <een 
it IS a change which is by no means confined to those suffering from 
renal failure It may occur m any patient who breathes through his 
mouth, particularly if he has pjorrhoca and bleeding gums, and it is 
almost inesntabtc if he is also deh>dfated and li>'pcrpnocic A foul 
taste m the moutli is a frequent complaint m clironic renal failure and 
the patient may notice a taste of ammonia, particularly on waking due 
to the decomposition of urei 

Tlic breath may smell of unne Tins is clnractcristic of adi'anced 
renal failure and is sometimes the first sign to be noticed It is not 
present in c\ cry case, and often when it Ins been confidentl) identified 
It turns out that the smell has onginatcd from unne m the trousers of a 
patient with prostatic difficulties, whose blood uren is normal A per^n 
with a normal blood urea but suffenng from scicrc p>orTbrc3 jna> al«o 
liave a urrcmic breath 

Hiccough IS almost invanably present in adi-anced cliromc nml 
failure and maj cause much fatigue and distress, it appears m episodic 
attacks of nirjing length and is usinllj brought on bj eating and 
dnnking 

Anorexn, nausea and >'omiling arc almost alwajs present nicj 
arc often the most prominent and, occasionallj, the only symptoms, 
Ihcj are responsible, in part, for the extensive loss of weight of chronic 
renaf failure. Kiusea and retching maj 6c pattiaifarA pronounewf in 
the cirlj morning All seventies of vomiting occur, from tw-o to 
three times a da> to an almost continuous senes of painful rctclies, 
and both small and large quantities of fluid are brought up DchjnJni' 
tion follows more or less rapidly and is due to a combination of 
arcumstances wludi reinforce each other; there is a distaste for 
fluids by mouth, combined with a loss of fluid from the stomach and an 
inability to concentrate the unne, so that unne flow tends to remain 
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high. Dehydration in turn causes a further reduction in renal blood 
flow and glomerular filtration rate, and these aggravate the renal 
failure so that anorexia, nausea and vomiting become worse. 

Sometimes the first complaint is one of fullness after meals with 
or without vomiting. Such patients are often suspected of having 
some local stomach condition such as a peptic ulcer. This diagnosis is 
even more likely to be considered if the patient first appears with a 
severe gastro-intestinal haemorrhage. Haematemesis and mailaena are 
most frequent towards the terminal phase of renal failure and should 
not therefore cause any confusion, for by this time the presence of 
renal failure is usually known. Nevertheless, it is remarkable how often 
renal failure may progress to an advanced state before the patient 
decides, or is forced by circumstances, to see a doctor. Gastro intestinal 
haemorrhages are due to a combination of increased capillary fragility 
and local ulceration; the latter is particularly pronounced in the large 
bowel. The effect of haemorrhage in chronic renal failure is extremely 
serious, for the accompanying renal vasoconstriction and fall in blood 
pressure lower the glomerular filtration rate even further and cause a 
precipitous rise in blood urea. When the haemorrhage is from the 
gastro-intestinal tract, some of the blood is digested and absorbed 
so that there is a large ingestion of protein at a time of diminishing 
renal function. 

Constipation is common, but occasionally severe diarrhoea may 
occur and may quickly cause death from dehydration. 

Neurological 

Cerebral. Headache, lassitude, languor and a feeling of muscular 
weakness are aU present during the final stages of renal failure; 
they may occur much earlier. Frequently there are recurrent 
bouts of depression and apathy, but the tenacity with which most 
patients will try and overcome their disabilities is remarkable. They 
may become torpid during the day and yet not be able to sleep 
during the night, when instead they are restless and confused. Finally, 
there is loss of consciousness, but often even at this late stage there may 
be short lucid intervals; not infrequently the patient retains a complete 
understanding of what is happening to him right up to a few hours 
before death. 

Epileptic convulsions in chronic renal failure may be due either to 
sudden increases in blood pressure in patients with established hyper¬ 
tension, or they may occur without any change in blood pressure. 
Both types are very rare; the first is called hypertensive encephalo¬ 
pathy; the other has no particular designation. The latter variety 
is seen mainly in young adults in whom the fits may be the only 
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complaint and j et the blood urea is cxtraordmanly high e g 400 mg 
per 100 ml 

In ad\anced renal failure muscle twtehes arc often seen, thc> 
are caused by anterior horn cell discharges of unknown cause and are 
unrelated to anj apparent change in cakium metaboUsin though they 
can often be relieved by the intravenous administration of calcium 

Penphcral Ncr\e$ Urrcmic polyneuropathy is a rare sj'ndromc 
which has recently emerged mto certain prominence in patients 
inadequately treated with intermittent h-emodialyvis (p 16C) It is 
due to a destruction of the mjclin sheath and axons of mcdullated 
fibres in the penphcral nerves Tlieonsetmaj be assoaatcdwitli painful 
burning feet followed by a progressive numbness and weakness Tlie 
feet and legs arc affected more than the arms and the distal sclents 
more than the proximal Eventually ataxia is prominent wath a vndc 
based steppage gait Sometimes tlicrc ma> be no sub;ccti\ e scnsor> 
disturbances Tlic cause is unknown It is not due to a dcfictcncj of 
vatamm Bj It is cured by increasing the duration of dial>*sts so that it 
IS presumably due to the retention of some injurious substance 


Cardiovascular 

Hypertensive Vascular Disease Ily’pcrtcnsion and chrome renal 
failure arc closely related (p 107) and though hj'pcrtcnsion may cause 
renal failure the rev erse is more common The blood pressure frequcntlj 
nscs m diromc renal failure but its nsc may produce few sjTuptoms 
when they occur they arc due to widespread vascular changes or 
cardiac failure 

Tile vascular lesions may be acute or clironic. Tlie> can ncarJ> 
ilwaj’s be observed on inspection of the ocular fundus where tl e> 
produce certain diaractcnstic disturbances of tlie retinal irtcncs and 
of the retina Tlie aaitc changes (i c Uiosc found m malignant hj 7 >cr 
tension) produce an appearance called h^pfrUnsive retinopathy while 
the diromc changes arc called ertenosclercUc retinopathy 

llj’pcrtcnsivc rctinopathj isd»slmguisli«ipnmanl> b> the presence 
of papillccdcma whidi at first may be unilateral Tlicre arc also flame 
shap^ or blotchy hTmorrhages fanning out from the optic disc in i 
multiple areas of while discoloration known as exudates Tlicsc have 
indefinite margins and arc of uneven sire and colour, a hek of prcasion 
and uniformity which has caused them to be called soft exudates 
They consist of collections of erdema fluid Sometimes the erdematoos 
retina lies in folds radiating from the macula towards the optic ih«: 
an appearance referred to as a macnlir stir *kift exudates and 
hTmoirliages may precede the development of papfllcrdcma 
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In arteriosclerotic retinopathy the retinal arteries become tortuous 
and narrow, either irregularly or evenly along their whole length. They 
characteristically cross the veins at right angles, as opposed to the more 
usual obhque direction, and at these crossings the veins appear to be 
compressed by the artery; this appearance is known as arterio-venous 
nipping. It is due to an accumulation of connective tissue between the 
artery and the vein, so that in fact the vein, as it approaches the 
artery, is not compressed but obscured. Exudates are also seen, but 
they are " hard ” as opposed to those seen with the acute vascular 
changes. They are small and compact, they have definite, sharp 
margins, and are of a dense yeUowish-white colour. Eventually they 
are found in clusters particularly spreading out radially from the 
macula; another form of macular star. As chronic vascular changes 
frequently precede by several years the onset of the acute changes it is 
not unusual to find arteriosclerotic and hypertensive retinopathy 
combined. 

Hypertensive retinopathy may cause varying degrees of visual 
impairment, depending on the degree of papiUoedema and the site and 
extent of the haemorrhages and exudates (particularly if the macula 
has been involved). The striking clinical finding, however, is that 
often both fundi may be severely affected without the patient being 
aware of any change in vision; with arteriosclerotic retinopathy visual 
symptoms are even less frequent. 

The changes which hypertensive vascular disease may produce 
upon renal structure and function have been described on p. 112. 
When they are superimposed upon chronic renal disease, they will 
intensify the severity of the renal failure. If cardiac failure occurs 
there is an additional sharp deterioration in renal function. With 
mahgnant hypertension cardiac failure is often one of the presenting 
clinical features. There are acute attacks of paroxysmal nocturnal and 
postural dyspnoea, and eventually oedema with a permanently raised 
venous pressure. Deterioration in renal function is due to (1) the 
reversible renal vasoconstriction associated with cardiac failure, and 
(2) the local vascular lesions. 

The onset of acute vascular changes in the kidney is revealed not 
only by the sudden change in renal function but also by the onset of 
hcematuria and increased proteinuria. The deterioration in renal 
function due to the vascular changes associated with malignant 
hypertension is partially reversible if it has not progressed too far 
before treatment is started. How far the functional changes produced 
by chronic vascular changes are reversible is uncertain. 

Pericarditis. An aseptic, fibrinous pericarditis often develops in the 
terminal phase of chronic renal failure. Its cause is unknown. It may 
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be painless or cxcniaatingly painfal Occasiona!l> it maj be associated 
wlh a laTge bloody elTusion 

Hsimtologlca] 

Anarmta leucocjiosis and a raised erjthrocjte sedimentation rate 
are all common features of chronic renal failure Tlie cause of the 
anaemia has been described above Tlic mechanisms of the other t%\o 
arc unV.no^^•n 

Respiratory 

The deep sighing respirations of acidosis hate alreadv been 
mentioned Tlie other rcspiratoij complications of renal failure arc 
(1) urxmic lung and (2) infection 

Uraimic lung is a radiological diagnosis It consists of dense 
hilateral opacities radiating from the hilum into the lung substance 
tthilc the upper and lotvcr zones and the outer nm of the middle rones 
arc clear These appearances arc usually due to left heart failure but 
llicre IS a group of patients m whom lhe> arc assoaated with a 
normal pulmonary arterj pressure when the> arc presumably due to 
increased transudation from abnormal capiJlanes 

Pneumonia is frequently the immediate cause of death it usuiUj 
develops only when the patient is already moribund It is not 
improbable that the deep rcspinlions of acidosis and the rapid 
respiration of left heart failure prevent the bronchioles from becoming 
blocked and the lungs from collapsing the usual preliminaries to 
pneumonia in semiconscious patients 


Cutaneous 

Tlie chanclenstic pigmentation of renal failure together v\'ith the 
anxmia give patients suffering from chronic renal failure a pale dirtv 
beige colour The eyelids lend to be slightly s^^oIIcn and an expression 
of tiredness and depression ts common It is not knowm why the 
eyelids should be swollen but it is not due to retention of salt and 
vsater on the cvlracclhilar sjjace 

In advanced renal failure there may be purpura usually prccedevl 
and accompanied by bleeding gums U is is probably due to some 
capillary disturbance the platdct count remains normal 

Pruntus is common and there may also lie a vanetN of iiiispecifc 
raslics includmg erythema vesicles and urticaai Tlie skin is often 
very dry Ixratiie of dehydration recurrent lx)J« carluncJes and 
slowly healing scratches and abrasions arc not infrequent 
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Treatment of Chronic Renal Failure 

Treatment of chronic renal failure can be divided into two stages. 
The first consists of conservative measures which are designed to delay 
the progressive deterioration of renal function or mitigate its conse¬ 
quences. The second begins when these measures are no longer able to 
keep the patient at work and leading a normal hfe. At this point the 
patient has entered the stage of terminal renal failure when the only 
effective treatment is either intermittent dialysis or transplantation. 

Clearly it is of the utmost importance to try and identify the 
primary cause of the renal failure, for in some instances, e.g. when it is 
due to infection of the renal parenchyma, obstruction of the urinary 
tract, or malignant h3q3ertension, it may be possible to treat the 
immediate cause of failure, and so prevent any further deterioration 
of function; often it may even be possible to obtain a large measure 
of improvement. Unfortunately, in most instances the cause of chronic 
renal failure is not treatable, for it is either unknown, or structurally 
irreversible, as with chronic glomerular nephritis, or congenital poly¬ 
cystic kidneys. 

Conservative Treatment 

This may be very rewarding, for often much of the disturbance 
in renal function is reversible, having been caused by a vicious circle 
in which the disturbed renal function causes a change in the internal 
environment, which in turn leads to a further depression in renal 
function, e.g. renal failure pol 5 ruria and nausea dehydration 

renal vasoconstriction -> diminished glomerular filtration rate. 

Conservative treatment consists mainly in preventing or correcting 
disturbances of water and electrolyte balance, controlling the rise in 
arterial pressure, and delaying the retention of the end products of 
protein metabolism. 

Treatment of Biochemical Abnormalities 

Water. It has been pointed out on p. 26 that in normal man the 
amount of urea excreted in the urine is proportional to the urine flow 
up to urine flows of 2 ml./min. (i.e. approximately 3 1./24 hr.); in 
chronic renal failure this relationship is still present and even appears 
to hold at greater urine flows. There is also evidence that a high 
turnover of water increases glomerular filtration rate. A large fluid 
intake and high urine flow will therefore not only prevent dehydration 
but will also ensure a maximal rate of urea excretion. Unfortunately 
in many patients thirst is not a sufficient stimulus to prevent their 
becoming dehydrated. Some patients, particularly women, habitually 
drink very little, and they must be advised to drink rather more than 
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lhc> are accustomed to, i c an extra three to four glasses of water a day 
In the a^erage case it is sufiicicnt to point out that tiic fluid intake 
sliould be generous The dangers of ovcrh> dration arc minimal vlien 
water is bang taken by roouUi 

^Vbcn severe dch}dration has ocoirred Uirough nausea, \omitmg 
or diarrhcea it should be oirrectcd immediately by the intravenous 
admimslration of fi per cent glucose, or half strength saline. 

Electrolyte and Add Base Balance The acidosis of clirontc renal 
failure rarely causes any generalised symptoms TIic mam reason for 
(rjnng to correct it is to prevent the bone changes \% Inch a persistent and 
accumulating retention of hydrogen ions maj cause In addition 
the administration of the sodium ion {if sodium bicarbonate is giv cn) 
will greatly improve the wcllbang of those patients who may be m 
negative sodium balance 

Aadosis can be controlled by Uie oral administration of sodium 
bicarbonate 5-0 g/day, Calaum carbonate 6-10 g/day can also be 
given though it is less effective than sodium bicarbonate m nising 
plasma bicarbonate, it is useful, however, when the intake of sodium 
must be restricted as m heart failure or sev ere hypertension Calcium 
carbonate also gives nse to a positive calcium balance whicli may also 
be of value \Vlicn there is a sudden fall in pbsma bicarbonate due to a 
sudden detenoration of renal function and it is thought necessary 
to treat the aadosis promptly, it may be corrected by the intrav enous 
administration of sodium bicarbonate Tlic speed of infusion, hovrever, 
sliould be carefully controlled for oUicrwisc Uicrc ma> be a sharp fall 
in the pH of the cerebro-spinal fluid wiUi giddiness, nausea vomiting 
and disturbances of consaousness This is due to the same mcdianism 
as that which causes a similar sjmdrome during a rapid dialj’sis for 
acute renal failure (p ICO) 

It should be remembered tlial somclimes ammonium dilondc is 
given to test renal function, or to increase the diuretic effect of 
mercurial injections, in dironic renal failure this maj prcapilale or 
aggravate a state of aadosis 

Retention of sodium chlondc is assoanted either with cardiac 
fiilure or Uic nephrotic 5}Tidromc, the treatment of the former is 
discussed on p 181 Treatment of the nephrotic sjTidromc when 
combined with renal failure is awkward and difficult A high profan 
diet must not be given, for it w3I raise the blood urea as mil the 
administration of prednisone TIic onij procedures which arc hlclj to 
be useful arc the admimslration of diuretics and a low salt diet 

Gross •lodium dviondc defiaency ansmg from excess ennarj' bss 
is tare in dironic renal failure, its treatment is dealt with on p IP' 
Minor sodium dilonde defiacncj due to excess sweating, mild diarrhcea. 
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or glycosuria can be avoided by ensuring that the salt intake is hberal. 
It is always dangerous to restrict the salt intake of patients suffering 
from chronic renal failure, particularly if the blood pressure is normal, 
e.g. the use of a salt-free diet in the treatment of migraine. The ability 
to conserve salt is limited and a contraction of the extracellular fluid 
space may develop insidiously with all its complications, particularly 
renal vasoconstriction, hypotension and deterioration in renal function. 

Potassium retention is unusual in chronic renal failure, and only 
occurs as a terminal event. It may respond to 15-20 g. of cation 
exchange resin in the sodium or calcium phase, given orally three times 
a day; potassium deficiency from excess urinary loss is also most 
unusual; its treatment is discussed on p. 198. 

Calcium Metabolism. Osteomalacia, rickets and osteitis fibrosa can 
be cured by the administration of large quantities of vitamin D and 
calcium carbonate. The dose of vitamin D depends on the patient’s 
response, but may have to be of the order of 3 mg. of calciferol eight- 
hourly. 

The patient’s symptoms are reheved within a week or two and 
radiological improvement is detectable within a few months. It is 
interesting that eventually the bones are radiologically denser than 
normal. The administration of calciferol with milk as the calcium 
supplement, as opposed to calcium carbonate, may raise the 
plasma phosphate and cause metastatic calcification and arthritis. If 
plasma phosphate rises it can be quickly depressed by the ad¬ 
ministration of 50-100 ml. of aluminium hydroxide gel per day and 
decreasing the dietary intake of phosphate. It is important to control 
the administration of vitamin D by estimating the concentration of 
serum calcium and alkaline phosphatase at frequent intervals. If the 
dosage is excessive there will be hypercalcaemia, if it is insufficient the 
alkahne phosphatase will remain raised. In some patients in whom the 
principal disturbance is osteitis fibrosa and who have a high normal 
plasma calcium, the calcium absorption caused by the administration of 
vitamin D and calcium carbonate immediately causes hypercalcaemia. 
It may then be necessary to remove some of the hypertrophied 
parathyroid tissue surgically. 

Treatment of Hypertensive Vascular Disease 

Malignant Hypertension. If the patient has malignant hypertension 
the blood pressure must be lowered immediately; otherwise the prog¬ 
nosis is less than two years. The success of treatment depends not only 
on the ability of the hypertensive drug to lower the blood pressure but 
also on the ability of the kidneys to function at the lower pressure 
(p. 99); the latter probably depends on the extent of irreversible 
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artcnolar narrowing present before treatment is begun If lowcnng 
the blood pressure raises tlie blood urea the position is hopeless To 
a% Old this complication it is probably better to low er the blo^ pressure 
gently over a matter of days in order to allow tJie renal arculation lime 
to adapt to the lower pressure 

Tlie response to treatment, and survival is slightly better in th(»e 
patients whose malignant h>’pcrlcns»on and impaired renal function is 
superimposed upon chrome renal disease 

Non-'fallgnant H>'pcrt«uloa. Both m man and animals there is a 
close assoCTafion between hypertension and sclerotic v-ascular lesions 
In man the progress of renal damage from " non malignant ’ h 5 *pcr- 
tcnsion IS so slow that it rarely causes death from renal failure ft is 
generally agreed, howeicr, that renal function m chrome renal disease 
deteriorates more rapidly once there is a pronounced nsc in blood 
pressure Accordingly it is considered reasonable and justifnblc to 
try and lower e\cn a sjmplomless hypertension if there is any cause to 
bche% e that there is underlying renal disease 

Tlie blood pressure can often be brought under control most 
effectively by combining the administration of h>’potcnsi\e drugs with 
a low intake of sodium In chrome renal failure this causes a substantial 
sodium depletion more quicUy than in a normal person and ma> lower 
the blood pressure but it ma> also induce a rapid deterioration of renal 
function Nc\ crthelcss, if one is alert and is closely monitoring the 
patient’s progress it is worth attempting As soon as the blood pressure 
IS under control the intake of sodium must be increased tow-ards normal, 
the intake then being adjusted according to the patient’s weight, blooil 
pressure and renal function 

Cardiac FaOurr At first, cardiac failure responds rapidly to bed 
rest, moqjhia, digitalis and a low sodium diet, diuretics are used, 
but with more restraint tlian is usual in patients who have hent 
failure unassociated with renal failure To prevent recurrences it is 
usually necessary to treat the hj”pertensjon (see above) wjucli is the 
pnnapal cause of the heart’s failure 

In advanced renal failure, cardiac failure ma> be most resistant to 
treatment Rest m lied aggravates thed>*«pnfea so that it is better to 
sit the patient up in an armdiair or a cardiac bed. it is di/ficult to 
avoid digitalis overdosage or to induce a sahne diures’s, lowenng the 
hlood pressure is now almost certain to depress renal function to lethal 
lev els as will any attempt to correct the anrmia 

Treatment of Anaemia and Blood Lou 

The anxmla of chronic rmvl failure is unresponsive to almovt all 
forms of therapj except the transfusion of red cells. Nevertheless, 
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there is little point in giving blood, unless there has been a recent 
haemorrhage. Transfusions inhibit the bone marrow’s production of 
red cells so that the packed cell volume usually quickly returns to its 
previous level. It is customary to give iron preparations by mouth, 
though they are rarely effective. 

Haemorrhage must be treated as rapidly as possible with trans¬ 
fusions of whole blood. The dangers to renal function of under- and 
overtransfusion have already been mentioned. 

Treatment of Superimposed Infection 

In patients with chronic renal failure an attack of acute pyelone¬ 
phritis, however mild, may cause a severe reduction in renal function. 
Any suspicion of renal infection should therefore be treated promptly 
with antibiotics. The important point to remember about these 
infections is that chnically they may not be obvious; they should 
therefore be kept in mind when there is an otherwise unexplained 
deterioration of renal function. 

Infections elsewhere than in the kidney may also cause a deteriora¬ 
tion of renal function but, with the exception of subacute bacterial 
endocarditis, these usually present fewer diagnostic difficulties. 

Treatment of Hiccough 

There are many methods of treating hiccough, including the 
inhalation of carbon dioxide, and the administration of chlorpromazine 
or mepyramine (Anthisan). The latter can be given in doses of 100 mg. 
four-hourly by mouth or by injection; it is sometimes useful when all 
else has failed. Occasionally a drop of oil of peppermint on a piece of 
sugar is sufficient to stop an attack. 

Treatment of Nausea and Vomiting 

The best treatment is the 20 g. protein diet mentioned below. 
Sometimes at the beginning it may be useful to perform one or two 
peritoneal dialyses to obtain an initial return of appetite. If this is 
unsuccessful the patient should be placed on intermittent dialysis or 
transplantation. In those patients who cannot eat the 20 g. protein diet 
and for whom intermittent dialysis or transplantation are not available 
nausea and vomiting can be best controlled by the administration of 
thiethylperazine or chlorpromazine. In the terminal stages chlorpro¬ 
mazine not only aboHshes nausea and vomiting, but it calms the 
patient’s anxiety. It also reduces the quantity of drugs needed to control 
the other two distressing features of terminal renal failure, dyspnoea, 
and physical and mental restlessness. Morphia is useful for dyspnoea, 
and in combination with chlorpromazine will not cause nausea and 
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\ omiting If restlessness and distress ait not suffiacntlj controlled by 
chlorpromazme and morplua. paraldehyde is gi\ en cither as an enema 
or by intramuscular mjcction This induces a comforting dro\i*smess 
Barbiturates are also useful m this respect, but tlicy are less reliable 
than paraldehjdc, sometimes caosiog an unhappy, confused drow*si- 
ncss uhicli aggra\*atcs the restlessness 

Treatment of Retention of Waste Products of Protein Metabolism 

The concentration of urea m tlie blood is controlled b> the rate of 
protein intake and the glomerular filtration rate In Tronic renal 
failure glomerular filtration rate falls, the blood urea nscs and there is 
a concomitant deterioration in the patient s general condition As it 
IS dear that urea is not directly responsible for this change, presumably 
it is due to the accumulation of otW end products of protein metabol¬ 
ism For this reason alone the patient wU fed better, and may siimie 
longer, if protein intake is limited 

Another, more debatable reason Jm been ads-anced for reducing 
protein intake It has been pointed out that in diromc renal failure 
each remanung nephron has to excrete an increased quantity of solutes 
and that urea forms a large controllable fraction of this total It 
has been suggested that the increased 'work' iJiat endi nephron 
must therefore perfonn may accelerate its CNcntuai destruction It 
has been shoNsn that m animals the renal lesions of senescence can be 
accelerated by a high protein diet and tJiat following umtaterat 
nephrectomy and the rcmos’al of large portions of the other kidnej, 
structural changes in the rcroaimng renal tissue can be hastened b) 
the administration of large quantities of protein If thevj results are 
applicable to mm then once rcnil failure fias been diagnosed, protein 
intake should be rcducc<l. islnlc\cr the initial concentration of blood 
urea Gcncrall>, how c\ cr, the therapeutic implications of these experi¬ 
ments arc not accepted, and protein intake is regulated onlj to control 
symptoms 

Low Protein Diet It is unusual to limit protein ingestion until 
the blood urea concentration rises aboie TO^lOO mg per 100 ml, for 
sjTnptoms of waste product retention ratclj appear below these 
lc\ els, A fall in blood urea cm sometimes be obtained walhout «e\Trc 
dictarj difficultj or ncgatiie nitrogen balance, by reducing the dailj 
protein intake to slightl) more than 05 g per kg bodj weight 
japproximatclj-to gm protein diet (p 381)) together wath a high calory* 
intake 

If the blood urea continues to rise and parttculatl> If nno'cxu ani 
naiiwn dciclop the diet is then changed to a diilj intake of 20 g of 
protein watli at lea<l 3 000 caloriM (p 381) A posiiuc nitrogen balance 
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can be maintained if there is at least 0-22 g./kg./day of high quality 
protein such as meat, or eggs to supply essential amino acids. For 
those patients with normal blood pressures it is important to ensure 
that the diet contains a normal content of sodium (e.g. at least 100 
mEq./day. This is difficult with such a diet and it may be necessary 
to give oral supplements of a slow release sodium chloride supplement 
(capsules of salt cause nausea, vomiting and epigastric pain). The 
improvement in general well-being caused by this diet is remarkable. 
Appetite returns, mental faculties become more clear and lassitude 
diminishes. The blood urea falls to 100 mg./lOO ml. or lower with 
glomerular filtration rates of 3 to 6 ml./min. The patients who do best 
are those with normal blood pressures, and they are the ones who tend 
to have large urine volumes. Patients with severe hypertension do 
badly. Progress is assessed by measuring plasma creatinine. Whatever 
the level of blood urea and however satisfactory the patient’s clinical 
condition the outlook is poor if the plasma creatinine continues to rise. 
Often the plasma creatinine rises while the blood urea remains un¬ 
changed. When the plasma creatinine reaches 15 mg./lOO ml. the 
patient is hable to die very soon from a haemorrhage. At this level of 
plasma creatinine, and as it rises further, the patient’s physical well¬ 
being begins to be marred by an increasing sense of anxiety, restless¬ 
ness arid insomnia. Nevertheless, this diet has certainly done much 
to diminish the protracted periods of severe ill-health which used to 
accompany the last stages of renal failure. 

A transitory fall in blood urea can sometimes be induced by the 
administration of anabohc steroids. This effect, however, is least 
noticeable in patients on a low intake of protein, and if there has been 
much loss of weight. 

Intermittent Dialysis and Transplantation 

It is important to decide whether a patient is to be treated with 
intermittent dialysis or transplantation before he is moribund. The 
optimum time to place a patient on intermittent dialysis is when 
conservative treatment has either failed to enable the patient to stay 
at work or faded to prevent the plasma creatinine rising to around 
13-15 mg./lOO ml. 

Intermittent Dialysis 

This can be either intermittent peritoneal dialysis or haemodialysis. 

Intermittent Peritoneal Dialysis. This is a useful (if painful) 
holding manoeuvre for about two to three months. A fresh disposable 
catheter is inserted into the peritoneal cavity two or three times a week. 
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Dialysis is performed for about 18 hr each time the catheter bang 
rcmo\cd at tlie end of each dial}5}s Automatic cjding dc\^ccs fiaxc 
been introduced to simplify the procedure and «omc patients Imc been 
treated at home lsc\ crtheless because of the complications mentioned 
earlier (p 150) few patients can be maintained on pentoneal dial 5 -«ts for 
longer than six months Dictarj rcstnctions arc similar to those for 
intermittent haanodial^sis (see below) Those who do best are middle 
aged women with normal blood pressures who arc passing large \olumes 
of unne 

Intermittent Hxmodiab-sls An artcno-\ cnous shunt is cstablislied 
into one of the patient s limbs with a teflon silastic catJictcr or b> 
side to side anastomosis of the radnl artery to a nearby vein Tim 
allows repeated quick atraumatic access to the patient s artcnal and 
\ cnous circulation at all times Dialj*scs arc performed on a ‘battle 
modification of the kill kidnej using a cuprophane membrane Tlic 
advantage of this kidney is that it onI> holds 125-170 ml of blood 
It therefore docs not need pnming wath blood before cadi dial>'si5 and 
It has sudi a low resistance to blo^ flow that the patient s owai artcnal 
pressure is sufficient to crculate the Wood through the kidne> Tins 
avoids the use of blood pumps 

If the patient is treated m a communal centre he ts dialysed for 
14 hr on two nights a week if be u being diaJ>‘sed at home he is dii 
l>'sed for 10 hours on three nights a week Dietary rcstnctions depend 
to a large extent on the daily unne volume residual renal function and 
the blo^ pressure The aim is to keep the weight gam between dialyvcs 
douTi to less than 1 5 kg and to keep the blood pressure normal 
\\ alcr and sodium intake arc therefore regulated accordingly Sodium 
intake has to be regulated more stnctly at the beginning of treatment 
than after a year or two it is usually limited to 20-50 mLq (day 
Potassium intake is limited to around 50 mCq /day and protein intake 
to btlwcen 40 and "0 g /day depending on the patient s weight Tlie 
calory intake is raised to the maximum possible c g 3 000 calones or 
more 

Tlie bone marrow depression of dironic renal failure is rchev ed to 
a cert un extent by intermittent harmodialy<is and most patients will 
keep packed cell volumes of 20 to 25 I'ler cent without transfusion 
Hyjxrlcnsion is brought under control by revluang the patients 
weight by I or 2 kg at each dialy«i> by uUrafiltration As mudi as 
20 kg may hav-e to be removed before the Wood pressure is conirol'ed 

CemplJeaUons Tlirrc arc two roam tyT^cs those that concern the 
shunt and those that concern the patient s milieu intern 

Tlie siUstic teflon 'hunt may dot or the *ifc of tl c shunt nay 
liccomc infected Clotting of the shunt is now much less of a prob’em 
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since the introduction of anticoagulants to all patients who tend to 
clot their shunts, the prothrombin time need only be increased by 50 
per cent. Infections are more serious and nearly always cause a loss of 
the shunt. They can be kept to a minimum (around one per 2 " patient 
years ”) by scrupulous attention to asepsis and good care of the cannula 
site. The average hfe of a shunt should be at least nine months. The 
other comphcations of dialysis include peripheral neuropathy, meta¬ 
static calcification and calcium " gout ”, decalcification of bones and 
peptic ulcers. These are principally due either to underdialysis or 
insufficient attention to the calcium content of the bath which should 
be 6 mg./lOO ml., i.e. the concentration of filtrable calcium in plasma. 

Survival. If intermittent haemodialysis is properly carried out, the 
patient is well, sexually active and at work; 80-90 per cent are alive 
at the end of two years. If intermittent haemodialysis is incompetently 
performed, particularly if its main purpose is to provide a " pool ” of 
patients for transplantation the patients are less well, their lives are 
unhappy, and survival is less certain. 

The Future. It is probable that intermittent haemodialysis will 
become increasingly available. Some countries are tending to develop 
many large communal centres in which up to 50 or more patients may 
be dialysed simultaneously. In others it is proposed to have a few 
relatively small centres in which up to 10 patients only are dialysed 
simultaneously. These centres will be used to instruct an increasing 
number of doctors and nurses. The further expansion of the service 
being by means of home dialysis. When home dialysis machines 
become simpler and more rehable and particularly when the manu¬ 
facturers are prepared to give a daily emergency service, home dialysis 
wiU rapidly expand. The reluctance of industry to become seriously 
involved in dialysis has probably been the greatest cause for the slow 
expansion of intermittent hemodialysis. 

Renal Transplantation. A kidney is removed from either a living 
donor or a corpse and transplanted into the patient suffering from 
terminal renal failure. The use of living donors is now considered less 
and less justifiable unless the patient and the donor are identical twins. 

The functional efficiency of the transplanted kidney mainly depends 
on the compatibility of the tissue antigens of the corpse and the patient. 
The greater the incompatibility the quicker the patient’s immuno¬ 
logical mechanisms cause the kidney to be rejected. If they are com¬ 
pletely compatible, as in identical twins, there will be no rejection. 

The surgical technique involved in renal transplantation is relatively 
simple. The prospective patient has usually been kept alive by inter¬ 
mittent haemodialysis beforehand. It is customary to remove the 
patient’s own kidneys before or during the transplantation operation. 
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Tlic prindpal difitculty is to bring the kidney and tJic patient togcUicr 
rapidly after the donor dies. A variety of tcdiniqucs have been 
evolv^ to prc^’cnt Uie Udney irom deteriorating in the intervaj but 
none can do so for more than a few hours. Immunological rejection of 
the transplanted kidney may be particularly \nolent a fav daj*s after 
the transplant operation Rejection is suppressed by the administration 
of cytotoxic drugs such as azathiopnne, 0 mcrcaptopunne and actmo- 
mycine, and also by using the immunological suppressive action of 
prednisone. It is usually ncccssarj' to continue tuo or more of thevj 
drugs in small doses indefinitely. In rare instances the transplanted 
kidney has eventually appeared to be accepted by the reapient and 
the administration of cj’toloxic drugs and prednisone lias been dis¬ 
continued 

Complications. The complications of renal transplantation arc 
mainly those sshich affect the transplanted kidney or its ureter, and 
those nhicli are due to the drugs used to suppress rejection Aptrt 
from infection and infarction the kidney may suffer any of five patho¬ 
logical processes. Acute tubular necrosis may occur It appc.ars 
immediately after the operation and is due to detcnoralion of (Jie 
kidney before U is transplanted Acute rejection may develop a (cm 
da>’S later and is clianctcriscd by a Iicas*)' infiltration of mononuclear 
celts, plasma cells and eosinophils fogctlier with acute destruction of the 
renal p.arcncJijTna If these acute hazards are avoided three ether more 
gradual diangcs may occur, a slowly progrr<si\e inlcrstiUal nephnlis, 
an occlusive artcntis. or changes which appear to be identical to those 
of chronic glomcrubr ncplintis N’ecrosis of the ureter at its insertion 
into the bladder is a relatively common problem which again appears 
to be due to a rejection phenomenon 

Tlie complications winch stem from the use of cytotoxic drugs are 
tho'^e of immunological ami Iwnc marrow suppression including 
fulminating infections wnth agranulocytosis, and multiple hicmorrlnges 
from (hrombocytopflcnia Titc patient may die of infections with 
various fungi or \aruscs whicli are rarely pathogenic in other circum- 
stances. Tlie administration of prednisone often causes the classical 
florid hacies of Cushing's disease, it may also react is’ate pulmonarj* 
tuberculosis, a peptic ulcer or cause an acute psjxlio^is 

SurstNal- In 19CG the centres with the iKSlrcsuUshadapproximitcly 
CO per cent of tlicir patients aha c at the end of Iw o jTam Tlie difference 
between the results ob!.ained with kidj)e>'S taken from haing donors 
did not appear to be significantly different from the results obtaineil 
arith ktdncj’s taken from corpses Among llurse patimts who were aliar 
at tJjr end of two jvars there were some with kidnrj'S in the Uat 
phase of rejection who \sere unable to work. 
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The Future. It is obvious that once it becomes possible to 
identify tissue antigens, renal transplantation will become increasingly 
successful. The main difficulty in countries such as England and the 
United States of America will be to obtain a sufficient supply of normal 
kidneys from suitable corpses. Either the law will have to be changed 
so that kidneys can be removed from a corpse without it being necessary 
to obtain the consent of the relatives as is the existing custom in France, 
or a publicity campaign, similar to that which has been so successful in 
obtaining eye donors, will have to be launched. It wiU also be necessary 
to improve methods of storing kidneys. 

The Relationship Between Intermittent and Haemodialysis and Trans¬ 
plantation. Both should be developed for both are needed. It is most 
unlikely that in the next few years the demand will be met by either, 
or both together. 
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THE ACUTE NEPHRITIC SYNDROME 

The acute nephritic syndrome consists of a sudden onset of oliguria, 
oedema, hypertension, raised jugular venous pressure and proteinuria, 
due to an abrupt generalised disturbance which involves the kidneys. 
In some patients one or more of these features may be absent, e.g. there 
may be no proteinuria. 

The acute nephritic syndrome may develop in a previously normal 
person, it may occur as a transient complication in chronic renal 
failure, or be superimposed upon a nephrotic syndrome. It may also 
precede chronic renal failure, the nephrotic syndrome or acute renal 
failure. It is seen in a variety of diseases which affect the kidney, 
including aU stages of glomerular nephritis, polyarteritis nodosa, 
anaphylactoid purpura, disseminated lupus erythematosus, and 
following irradiation of the kidneys (Fig. 15.1). It occurs most 
commonly in acute glomerular nephritis. 

Structural Changes in the Kidneys 

The glomeruli usually show cellular hyperplasia, mainly endo- 
thehal with widening of the capillary walls, and varying degrees of 
inflammatory cell reaction. In the more severe cases the tubules show 
focal areas of degeneration associated with clumps of inflammatory 
cells. On occasion an acute nephritic syndrome may occur without 
histological lesions. 

Functional Changes 

Proteinuria is rarely greater than 2-5 g. per day, and there is an 
increased urinary excretion of red cells, granular casts and blood casts. 
As the urine is usually acid the haemoglobin in the red cells changes to 
acid haematin and, if there is sufficient blood, the urine becomes dark 
brown. Lesser quantities of blood cause a smoky turbulence when the 
urine is gently shaken; the presence of blood is confirmed micro¬ 
scopically. These urinary changes are directly related to the histological 
changes in the glomerular tufts, for when there is no proteinuria the 
glomeruli are normal. 

Glomerular filtration rate is often reduced, but it is remarkable 
how frequently the blood urea concentration remains within normal 
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limiis, K the patient prcWousIy had normal kidnc 5 *s In those wth 
pre-cxisting renal disease and long-standing impairment of filtration 
rate, the further depression in filtration rate assoaatetl s\nth the 
acute nephritic syndrome causes a substantial nsc m blood urea. 
Tlic renal blood flow is usually unaffected except m the most so\ ere 
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cases and in tho^ with preexisting renal disease; when the blood 
flow is reduced the decrease ts alwaj-? proportionate!}* less thm that of 
the glomerular filtration rate, i e there ts a fall m filtration fraction 
Tlie ability to coneentntc the unne X'an^'s wth the degree of 
tubular dimige; if the sjudrome complicates estah’is-hed chronic 
renal failure there is nearly olw3}*s a complete inahihty tocercentrate 
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Salt and water retention is due to an excessive tubular reabsorption 
of salt, of unknown cause, and is mainly responsible for the oedema. 
The acute salt and water retention causes an increase in weight, an 
expanded plasma volume, and a fall in packed cell volume, haemoglobin 
and plasma proteins. The salt and water retention is also responsible 
for the concomitant hypertension, rise in jugular venous pressure, 
cardiac enlargement and pulmonary venous congestion. It has been 
shown that in spite of these appearances of “ heart failure, ” the arterio¬ 
venous oxygen difference is normal both at rest and during severe 
exercise. There is therefore no evidence that the heart is f ailin g as a 
pump. In addition, no unequivocal histological lesions in the heart 
muscle have ever been described. It seems that the retention of sodium 
and water and the rise in blood volume is associated with redistribution 
of blood centrally into the heart and lungs. The mechanism responsible 
for this phenomenon is unknown; it may be due to an increase in peri¬ 
pheral venous tone. 

Hypoproteinsemia is usual and occasionally it is severe; it must 
then also contribute to the formation of oedema. The cause of the 
hypoproteinaemia is obscure. The retention of water may cause a mild 
dilution of plasma proteins, and it is possible that on very rare occasions 
a particularly heavy proteinuria may be partly responsible. Never¬ 
theless, the acute fall in plasma albumin to below l-O g. per 100 ml. 
which occasionally occurs in patients with acute anuria from glomerular 
nephritis makes it extremely likely that, at least in these cases, there 
has been a considerable diminution in protein production. It is possible, 
therefore, that a diminshed protein production is a contributory factor 
in the mUd hypoproteinaemia which is usually found in the acute 
nephritic s 5 mdrome. When there is severe hypoproteinaemia there is 
also a marked rise in serum cholesterol. 

The rise in jugular venous pressure, cardiac enlargement and 
pulmonary venous congestion occurs in nearly all patients. Par¬ 
oxysmal attacks of postural and nocturnal dyspnoea are rare, but milder 
degrees of dyspnoea are relatively common. The heart rate is often 
either unchanged or slower than normal. In fact this combination of 
raised jugular venous pressure and bradycardia can be one of the most 
diagnostic features of the acute nephritic syndrome. 

The sudden onset of hypertension probably causes the bradycardia. 
The extent of the rise in blood pressure varies a great deal and often it 
is so small that it is only noticed retrospectively, particularly in 
children. The cause of the rise in blood pressure appears to be related 
to the salt and water retention, for it does not occur without oedema 
and a gain in weight; it also seems to be related to the histological 
changes in the glomeruli, though occasionally the blood pressure may 
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be normal m Uic presence o! extensne glomerular proliferation and 
exudative inflammation 

Qmical Features 

At the onset the patient notices that the face hands or feel are 
svNcUing or that the unne has dianged colour to dark brou-n or red 
\ cry occasionally dj’spno.a may be the presenting sjmptom, this is 
more likely in children or when there is pre*cxistmg renal disease 
There are few other complaints though upon direct questioning it may 
be possible to obtain a history of a recent gam m weight ofiguna and 
lassitude Severe pain m the back often occurs inth pol 3 ‘artcntis 
nodosa and an ache m the loins seems to be a genuine feature of acute 
glomerular nephritis revensh symptoms and the extent of the rise 
in temperature V’ary with the cause of the sjaidromc Children often 
present wath loss of appetite and pallor 

Progress depends a great deal on the disease with which the sjti 
drome is assoaated but in the majontj of eases the signs and symptoms 
subside vnthm 7-14 days There is a brisk diuresis and hyTierfcnsion 
and oedema quickly disappear Wien the symdromc is superimposed 
upon pre existing renal disease recovery may be much slower and some 
additional impairment of renal function may be permanent In patients 
with prcMouslynormal kidneys recovery is often complete particularly 
with acute glomerular nephntis Death during the acute phase of the 
syndrome IS unusual but may be caused by pulmonary cedema acute 
renal failure or hypcrtcnsiv c encephalopathy 

Treatment 

Occasionally it may be possible to influence directly the disease 
which has prcapitatcd tlic acute nq>hntic syaidrome for instance 
the use of adrenal steroids m polyarteritis nodosa Otherwise treat 
ment is symptomatic and is aim^ at preventing or minimising the 
effects of pulmomry erdema acute renal failure and hypcrtcnsiv l 
encephalopathy until there is a spontaneous rccov cry 

Itisconvcmcnttokccpaday to^ay chart of the fluid intake unnary 
output blood pressure weight and 24 hour unnary protein excretion 
24 hour creatinine clearance should be cstimilcd once a w cek 

Pulmonary (TJema and Congatxon In most patients there is no 
necessity to treat this by any means other than the salt and water 
reslnction mentioned abov e The dy^pneea of tl c onset usually settles 
after 1 few hours bed rest, but if it increases It may be nccessarv to 
use digitalis and morplui and to sit the patient up in an armchair 
or cirdnc IkhI throughout the 24 hours Hy potcnsiv e dnigs arc useful 
wf cn tin re is i considerable rise xn blood pressure Dttnnf, a [urorysm 



194 


THE ACUTE NEPHRITIC SYNDROME 


of acute pulmonary oedema with deepening cyanosis, hexamethonium 
25 mg. intravenously may be life-saving. On general principles the use 
of diuretics is not advised and, in any case, they rarely succeed in 
producing a diuresis in an acute nephritic syndrome. 

Renal Failure. As renal failure is usually minimal and of short 
duration its treatment is not difficult. During the oliguric phase the 
patient is placed on a salt- and protein-free diet, and the daily fluid 
intake is limited to a volume equal to the urine passed in the previous 
24 hours, plus 500 ml. to replace insensible loss. As soon as a diuresis 
starts, and the glomerular filtration rate returns to normal, these 
restrictions are relaxed. 

In the rare cases when there is acute renal failure with either 
complete anuria or a daily urine output below 400 ml. with a specific 
gravity around 1-010, treatment is as described for acute renal failure 
from any other cause, except that measures taken to avoid acute 
pulmonary congestion have to be more carefully observed than usual. 

Hypertensive Encephalopathy. This exceedingly rare complication 
responds to the intravenous administration of barbiturates (sodium 
amylobarbitone or thiopentone). After the initial injection it is 
usually sufficient to continue sedation with large intermittent doses 
of barbiturates by mouth. If these measures are not sufficient the 
fits can be controlled by lowering the blood pressure with methonium 
drugs, given either intravenously or intramuscularly. 
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RENAL rUNCTION AND LOSS OF METALLIC CATIONS 

TiirRF arc t«o important links betncen loss of metiJlic cations and 
renal function (1) Renal failure ma) be responsible for a ne^tae 
balance of sodium potassium calcium or magnesium because tliej arc 
lost in cxccssue amounts mllicunnc (2) a ncgntncbihnceof sodium 
potassium or an CTcessixe unnar> excretion of calcium ma> cause 
renal failure while a ncgatiae balance of magnesium causs changes m 
renal function 


SODIUM 

Sodium Deficiency dae to Renal Failure 
The follownng renal diseases maj sometimes be responsible for an 
excess urinary loss of «odmm 

1 Chronic p>'cloncphntis 

2 Ad\ anccii chronic renal failure 

*1 Dunng recoa cry from acute tubular necrosis. 

4 Renal disease of moderate se\cnt> combined \sath dietary salt 
rcatnction 

Sodium Deficiency or a cause of Renal Fanure 
Tlic following conditions mas occasional!) cau^; such a loss of 
Sodium that its deficiency contnbutes matcnall) to the on<ict of renal 
failure 

1 Seacre diarrhcea and aomiling (eg p}lonc slenous) 

2 rost*opcratnc gastne suction without irplaccmeni 

3 Intestinal and biliary fistulx 

4 Diabetes. 

G Acute patfiofopcalproccssesmrofnngfftc 6rain 
0 II) 7 x>-adrcnalism (Addison s di<ca<c) 

7 Diuretics 

Cllnkal Features of Sodhim, Chloride and \\ atcr Deficiency 

Sxhum loss is usuallj accompanied In chlnnde an I vratcr loss tl i* 
defianica of the chlondc is osnall) proportiorul to llial of seshun 1 at 
the negative lialance of water is usuall) smaller, for the patient oftm 

IK 
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continues to drink. The extracellular fluid, therefore, tends to become 
hypotonic, and there is a transfer of water into the cells. The eventual 
signs and symptoms of sodium deficiency are thus a combination of 
those due to intracellular overhydration, and decreased extracellular 
fluid volume. The former gives rise to cerebral and the latter to 
cardiovascular abnormalities. 

The patient is drowsy, restless, apathetic, and sometimes unco¬ 
operative. There is thirst (despite the h37potonic plasma), headache, 
anorexia, nausea and postural giddiness; vomiting may occur and 
there is a liability to faint on standing; eventually muscle and 
abdominal cramps develop and the patient may pass into a muttering 
delirium. There is loss of weight, the face is haggard and the eyes 
sunken, the skin is clammy and cold and, on pinching, it tends to remain 
raised; the superficial veins are thin and constricted; the tongue is dry 
and the eyeballs soft; the pulse is rapid and both the mean arterial 
and the pulse pressures are decreased. The circulating haemoglobin 
concentration is raised, but plasma sodium and chloride are lowered. 
If salt deficiency is not corrected the patient may die rapidly from 
peripheral circulatory failure. 

It must be emphasised, however, that there may be a considerable 
loss of salt before there is much clinical evidence of deficiency. But 
even a subclinical deficiency is sufficient to cause renal vasoconstriction 
with a fall in renal blood flow and glomerular filtration rate, and an 
increase in blood urea. When salt deficiency is secondary to renal 
failure the urinary specific gravity is around I’OlO and the urine con¬ 
tains some sodium; whereas if the kidneys were previously healthy, 
tubular function remains normal, the specific gravity will at first be 
greater than 1-020 and the urine will contain no sodium. Proteinuria 
is nearly always present. 

.etiology and Diagnosis 

Sodium, Chloride and Water Deficiency due to Renal Failure. Chronic 
pyelonephritis is the most common renal disease to cause florid salt 
and water deficiency particularly during and immediately after an 
acute flare-up of infection. It has also been reported with chronic 
glomerular nephritis and polycystic disease; the syndrome is sometimes 
known as " salt losing nephritis ” (p. 169). Very rarely sodium defic¬ 
iency may also occur during the recovery stage of acute tubular necrosis 
(p. 152). The chronic renal diseases which cause sodium deficiency may 
give rise to serious diagnostic difficulties but the salt and water loss 
following acute tubular necrosis should be anticipated. 

Sodium, Chloride and Water Deficiency as a cause of Renal Failure. 
Salt and water deficiency following post-operative gastric suction. 
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intestinal and biliarj fistuUc ’should also be anliapatcd the onset 
of renal failure in tlicsc conditions is often an indication of mis- 
jnanagement 

Tlie nsk of prcapitating renal fatlnrc givang low salt diets to 
patients suffering from renal disease has been mentioned earlier (p 1 SO) 

Renal failure from loss of water and salt caused bj diarrhaa and 
tomiting or diabetic ketosis docs not usually preecnt an} dngnostic 
diflicultics But when it complicates acute cerebral conditions it maj 
easily be overlooked 

Tlic greatest diagnostic difiicuUj is in dificrcntiatmg the sodium 
chlondc dcficicncj and renal failure of Addison s disease from sodmm 
chlondc deficiency due to chronic renal disease In both the defici 
cncy 13 due to a urinary leak of salt and m both there ma> be nau^a 
\scakncss loss of weight pigmentation hj’potcnsion and a raised 
plasma potassium In an emergency tlie two conditions can be 
distinguished b> the fact that the administration of hydrocortisone 
and Ott flourohydrocortisonc to patients with renal disease has little 
effect on the high fate of unnary salt excretion while recovery occurs 
rapidly upon giving large amounts of salt and water Wlicn there 
IS mote leisure to make the diagnosis it wall be found that m sodium 
chloride defieicncj due to renal disease the concenlralion of plasma 
cortisol IS normal or ni«ed while the unnary excretion of ketogenie 
and kctostcroids is normal and that of aldosterone is raised 

Treatment 

This consists simply m the rapid intravenous administration of 
large amounts of isotonic saline preferably wath <odium bicarbonate 
in a proportion of 2 to I Isotonic saline contains I&OmEq /I of sodium 
and IflO mCq/l of chlondc whereas the cxtncclluhr fluid contains 
140 mCq /] of sodium but only 100 mEq /I of clilonde the admims 
tration of one litre of isotonic s^mm bicarbonate (ir>0 mEq of <odium) 
for every two of saline ensures that <odmm and chlondc arc given in 
plijsiologicil proportions If acute renal failure has already occurrctl 
the rate of infusion must be more modente for great care is needed to 
fvrren'l i)tc£<nset 4?! puimcmsjj erdeuM a) AsidsorwntjaJ Jhai <odium 
bicarbonate be given for the kidney’s arc unable to excrete the excess 
chlondc in tlie sodium clilonde solutions 

SoJuim and Chlcnde Defietercy vUh Excfsi U a'fr Intake 

Occasionally patients who arc suffering from salt dcfiaency and 
oliguna arc inadvertently given water (5 per cent gluco<c) intra 
vrnoudy TJiey may not cxocte this water and ll ey t) cn develop 
aaitc overhydration with nausea xonuting and mental coaftiton 
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Treatment consists in the intravenous administration of about 300 ml. 
of hypertonic (3 per cent) saline. 

POTASSIUM 

Potassium Deficiency due to Renal Failure 

The following renal diseases may sometimes cause an excess urinary 
loss of potassium. 

1. Chronic glomerular nephritis. 

2. Chronic pyelonephritis. 

3. Polyarteritis nodosa. 

4. During recovery from acute tubular necrosis. 

5. Renal tubular acidosis (p. 216). 

6. Renal artery stenosis (p. 116). 

Potassium Deficiency as a cause o/Renal Failure 

The following conditions may cause such a loss of potassium that 
its deficiency contributes materially to the onset of renal failure; 

1. Prolonged vomiting, e.g. pyloric obstruction. 

2. Prolonged diarrhoea, e.g. small bowel insufficiency, excess use of 
purgatives or enemata, pancreatic adenomata, and viUous 
tumours of the large bowel. 

3. Post-operative gastric suction. 

4. Intestinal and biliary fistulas. 

5. Uncontrolled diabetes. 

6. Injudicious use of ion exchange resins. 

7. Aldosteronism. 

8. Diuretics. 

Clinical Features of Potassium Deficiency 

Until potassium deficiency is advanced its signs and symptoms 
are vague and indefinite. The outstanding and characteristic feature 
of advanced potassium deficiency is the development of muscular 
weakness which progresses to paralysis and death from respiratory 
failure. Otherwise there may be thirst, irritability, nausea, confusion 
and paralytic ileus. The physical signs are apathy, loss of reflexes, loss 
of motor power, tetany, gasping respirations and occasionally irregu¬ 
larity of the heart rate. The severity and localisation of the effects of 
potassium deficiency are influenced to a certain extent by the patient’s 
age. The elderly appear to be more susceptible and tend to have 
predominantly renal and cardiac complications, whereas the young are 
less susceptible and tend to have the muscular changes. If the potas¬ 
sium loss is due to renal disease the presence of which is unsuspected, 
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many of these features may at fust be tliought to be due to hj-slcna 
A certain diagnosis of low scrum potassium can only be made bj 
direct cstimahon, though some mfonration can be obtained from an 
electrocardiograph which shows flattened T avaves, often wath p-o* 
mincnt U waves and ST depression Though the scrum concentration 
of potassium is sometimes of value when the loss of body potassium 
IS severe, it is sometimes misleading. particularl> when rapid <hifts of 
potassium arc taking place from one fluid compartment to another 
The cells may then be severely deflaent m potassium though the 
plasma concentrations arc normal or even high In rclativdy slcad> 
conditions a serum potassium of 3 mCq /I impUcs a potassium dcfiat 
of about 200-300 mCq Wlicn potassium deficiency is primary and renil 
failure its consequence, the plasma bicarbonate is usually raised, 
but when potassium deficiency ts due to renal disease the plasma 
bicarbonate may be reduced because of the impaired ability to secrete 
hydrogen ions and ammonia which accompanies dironic renal failure 
Alkalosis is initially caused by the diminished amount of potassium m 
the tubule cells Sodium reabsorption is then assoaated with a rather 
greater secretion of hydrogen than potassium ions from the tubule 
cells into the tubule lumen Tins in turn generates larger quantities of 
bicarbonate than normal and the plasma bicarbonate nscs A larger 
load of bicarbonate thus has to be filtered at the glomerulus and a 
larger reabsorption of bicarbonate results This active process of 
bicarbonate reabsorption automatically reduces the passive reabsorp 
tion of chlonde Chlondc excretion therefore ascs In the final stage 
there IS therefore, a combination of potassium and chlondc deficiency 
and bicarbonate retention Alkalosis is .also due in part to a shift of 
hydrogen ions into the intraccHuhr fluid, m exchange for intracellular 
potassium which is rclea'ied into the extracellular fluid to prevxnt its 
concentration from falling to a lethal level Sodium ions also cross into 
the intracellular fluid m cxcliangc for potassium so that in pure 
potassium dcfiacncy' there is an ovTrall mtracclIiiLar sothum retentina 
Chronic potassium deficiency is often associated wath cedema without 
evidence of heart failure or nsc in jugular venous pressure 

rcaai hiifire n.V.vJr AsvltffHT pctrisium h 

due to lack of jwtassium withm the tubule cells, for l)Oth functional 
and histotogtcal changes are mainly found m the tubules Tlie ability 
to concentrate the unne is lost at an early stage though the ability to 
dilute remains for a considerable time, occasionally the unne may 
nanain at a fixcrl concentration which is hy’potonic (o pla«ma Potyaina 
and particubily noctuna arc therefore distinclivc features of rmal 
failure assoaatM wath potassium defnenev In some patient* thi* I* 
aggravatet! by a complete inversion of the normal diurnal rhythm 
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Following the administration of ammonium chloride, the ability to form 
a highly acid urine, and to excrete hydrogen ions at a normal rate is 
impaired though the ability to excrete ammonium remains normal or 
raised for a considerable time. Changes in glomerular filtration rate 
follow and are less severe than the tubular changes. The rise in blood 
urea is also due in part to an increased permeability of the proximal 
tubule to urea. Nearly always there is a trace of protein in the urine. 

The most characteristic histological change found in potassium 
deficiency in man is extensive vacuolation of the cells of the proximal 
tubule; this change is rapidly reversible after potassium adminis¬ 
tration. The more advanced appearances are those of interstitial 
nephritis and are not reversible. In animals there are extensive changes 
in the collecting ducts which have not yet been identified in man. 

^Etiology and Diagnosis 

Potassium Deficiency due to Renal Failure. This rare phenomenon 
is characterised by the continued excretion of substantial amounts of 
potassium in the urine despite depleted body potassium and low plasma 
potassium. The renal disease responsible for such a deficiency is easy 
to diagnose when it occurs during recovery from acute tubular necrosis, 
but it is more difficult to distinguish when it is due to chronic glomerular 
nephritis, chronic pyelonephritis, polyarteritis nodosa or a selective 
defect of tubular function. A distinguishing feature of polyarteritis 
nodosa is pyrexia, which occurs in all cases, even when the only sites 
overtly involved are the kidneys. 

The early stages of potassium deficiency due to a selective error of 
tubular function (Renal tubular acidosis) may sometimes be differen¬ 
tiated from chronic destructive renal disease such as glomerular 
nephritis by the fact that with the former the impairment in glomerular 
filtration rate is moderate, and the ability to produce a highly acid 
urine and to excrete ammonia in response to ammonium chloride is 
grossly abnormal (p. 65). With chronic destructive lesions, though 
there is also an impaired ability to excrete ammonia, glomerular 
filtration rate is severely reduced and the ability to excrete a highly 
acid urine appears normal until potassium deficiency itself impairs 
the ability to excrete an acid urine (see above). 

Potassium Deficiency as a cause of Renal Failure. This syndrome 
is more frequent than its converse and its cause is usually more easily 
diagnosed. When potassium deficiency causes renal failure the loss of 
potassium is nearly always from the alimentary tract. Vomiting, 
gastric suction, diarrhoea, intestinal fistulse and the misuse of ion 
exchange resins are easily identifiable causes of excessive loss of 
potassium. Long-continued use of purgatives and small bowel 
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insufficienc}' may be more obscure, but there is usually some Ioo<cncss 
of the bouels. In all these conditions the urine contains onlj' mimmal 
amounts of potassium (p. 73) and except with ton exchange resins, the 
plasma bicarbonate is raU^ (p. 57) This combination of renal 
failure, low plasma potassium and loir urinarj’ excretion of potassium, 
prm’cs that the renal failure is indeed due to exlrargnal loss of 
potassium. 

Very occasionally when severe potassium defiaenej’ has been present 
for some time, the severity of the renal damage which results miy 
impair the rcabsorption of potassium. Unnaiy potassium excretion 
then rises in spite of the h)T>okahrmia and it may now’ be difhcult to 
distinguish whether the renal failure is due to the potassium defiacncs* 
or vice >crsa. Compulsive, depressed, posl-menopausal women, who 
obtain satisfaction and relief by secretly taking brge quantities of 
purgatives, arc those most likely to do this to themselves They arc 
diaraclenstically e\*asivc or downngbt misleading about thejr use of 
purgatives, so that the true cause of the potassium dcfidcncj' and renal 
failure may not be detected for a considerable lime, even with the 
patient in hospital. 

Tlicre are t«o otlicr situations in whicli renal failure is caused by 
excessive renal loss of potassium, diabetic ketosis and pnmar>’ aldo* 
stcronism. In diabetic ketosis (p 318) the potassium defiacncj'u only 
an inadcntal cause of renal failure and no diagnostic confusion is likely 

Kcnal failure due to pnmaiy !i>*pcraldostcronism m.ay be extremely 
difTicult to distinguish from renal disease causing secondary* h>*pcr- 
aldoslcronism, when the associated renal ischxmia causes a rc!e.isc of 
renin and stimulation of the adrenal glands by angiotensin. In both 
there may be pcljaina and thirst, low plasma potassium, hj^pertension 
and a raised blo^ urea In pnmary aldosteronism, the hiTicrtension 
IS not usually malignant, whereas it is more often malignant wntli renal 
xsclurmia In addition the plasma sodium is higlicr {137-lCO mHq /I) 
in primary aldosteronism than m sccondaiy aldosteronism (125-UI 
mEq (\.) though tlicrc is some ovcitip On the other hind, the ptasmi 
potassium is lower (I-4 to 3 2 mHq (I ) in pnmary aIdos(cront<m tlun 
in Sfcojotlarj' aJdastcronism /3 I to 4*2 raEq./l). One method of dis¬ 
tinguishing bc(wx*cn these twxi is to measure the plasma renin before 
and after 3 daj'S on a low sodium diet; the second blood bring taken 
on the thirrl d.iy, after standing for four fioiira In pnmio’ aJdosterev- 
nism the control plismi renin is low and it mnains low. Jn secondary 
aldosteronism the control renin should be higher but the most charar- 
teristic finding is that it nscs further after a low «odium d.cl and stand¬ 
ing. A renal biopsy can «omctim« help. If the structuml changes 
are characteristic only of potassium deficiency, i e there is v'acuolaticm 
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of the tubule cells, particularly of the distal tubules, the hypokalaemia 
and renal failure may be due to primary aldosteronism. If the lesions 
are more extensive and include those of interstitial nephritis renal 
biopsy is of relatively little help, for such changes can follow potassium 
deficiency or they may be due to a long-standing chronic renal disease 
which may be the cause of the potassium deficiency. 

Treatment 

When renal disease is the cause of the potassium deficiency the only 
effective treatment is potassium replacement followed by the daily 
oral administration of sufficient potassium to balance the excess 
urinary loss. 

Potassium chloride is clearly what is needed in nearly all instances, 
particularly at the beginning of treatment when there is a potassium 
and chloride deficit to be corrected. Solutions of oral potassium 
chloride however, have an unpleasant taste and enteric coated tablets 
produce sharply delineated zones of circatricial narrowing of the small 
bowel which may cause complete or partial obstruction. Recently 
"slow release” tablets of "wax” impregnated with potassium chloride 
(Slow K) have had some success. Once the initial potassium and 
chloride deficiency has been corrected, other salts of potassium can 
be used to prevent a deficit of potassium recurring. A mixture of 
potassium acetate, citrate and bicarbonate, 1 g. of each in 8 ml. of 
water, four times a day supphes 116 mEq. of potassium in a relatively 
palatable form. Mist. Pot. Cit. (B.P.) contains 3 g. of potassium citrate, 
i.e. 28 mEq. of potassium per 16 ml. which is about half an ounce; 
this is also well tolerated. 

To prevent the onset of potassium deficiency during the early 
diuretic phase of acute tubidar necrosis, it is usually only necessary to 
give plenty of orange and tomato juice, figs, apricots, dates and meat 
extract, all of which contain high quantities of potassium (p. 384). 

When potassium deficiency is due to excess ahmentary loss aU that 
is required is to replace the potassium and stop any further loss; if the 
latter is not possible (e.g. intestinal fistulas, gastric suction) potassium 
should be given intravenously at the same rate as it is being lost. 

Potassium is best given intravenously when there is a good urine 
flow, in order that an excess plasma potassium may more easily spill 
over in the urine. It is also wise to avoid intravenous administration 
for 24 hours after any particular stress such as an operation, for at 
these times the plasma potassium is apt to be raised whatever the 
concentration in the cells. It should also be bourne in mind that in 
normal circumstances, though the total body potassium is about 
2,500 mEq., the amount in the extracellular fluid is only 75 mEq. 
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and that death occurs if it nscs to 150 rnCq Cardiac arrest from 
hyperkalaimia occurs at plasma Icicls of 0~I0 mCq /I, it is gcnenll) 
iwse not to g»e potassium intni\<mous]y at a greater rate than 
25 mllq per hour It is also best to limit the concentration of tfic fluid 
to 40 mCq /I, for higher concentrations arc hablc to cause painful 
spasm of the vein 

If a patient suffering from a pure potassium dcfiacncj is giicn 
sahne instead of potassium there is liLcI) to be mcrcas^ <odium 
retention w ith ccdcmi and an increased unnar> excretion of potassium 
Tlic administration of sodium bicarbonate sliould also be avoided for 
this induces a sc\ ere alkalosis 


CAIXIUM 

A raised urinary excretion of calcium may cause renal failure 
irrcspoctivc of the overall calcmm balance Tlic reason for this is 
not known hut it is probably related to an intracellular accumulation 
of calcium ions m the tubules Tins is in contrast to the renal failure 
of potassium dcficicncj {sec above) whicli is due to an intracellular 
dcfiaency of potassium ions or the renal failure of sothum dcfiacncj 
which IS due to contraction of the extracellular fluid volume and 
renal vasoconstnetton 

Tlic followang conditions arc assoaaicd wath a high unnarj calcmm 
excretion and renal failure 

Increased Urinary Exaction of Caldum due to Renal Fafluxe 

Tlic only renal disease known to cause a great increase in urinary 
calcium excretion is renal tubular aadosis (p 2IG) 

Inaeased Urinary EraetJon of Caldum ei a eaate o/R«ial Failure 

(a) rolIoMing inaeased calciiim absorption 

1 Compulsii e milk dnnking 

2 \ itamin D intoxication 

3 Sarcoidosis 

4 Idiopathic hj'pcrcalaemia of infants 

(fc) 1 ollovnng an increased rate of bone dccalcificalion 

1 IIj-perpirathjTOidism 

2 I)iffu<e caranomatosis of bone 

3 MjclomatcKis 

4 Immobilisation 

5 I'agcl s disca^ 
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The Effect of Hypercalcaemia on Renal Structure and Function 

In the early stages renal biopsy may show no abnormality, but later 
precipitated calcium can be seen as clumps between and across the 
nephrons, and as a fine dusting of the tubule cells and their basement 
membranes. The early lesions are in the collecting ducts, distal tubules 
and ascending loops of Henle, later the whole nephron is involved. 
Some tubules eventually atrophy, and varying numbers of glomeruli 
become structureless round eosinstaining masses. In long-standing cases 
the deposition of calcium in the kidney can be seen radiologicaUy. 

Hypercalcaemia from any cause except hyperparathyroidism increases 
urinary hydrogen ion excretion. Ammonia excretion therfore rises 
and urine pH falls, while plasma bicarbonate and rise and there is 
an alkalosis. (This acceleration of hydrogen ion secretion by the 
tubule is paralleled by an increase in hydrogen ion secretion by the 
gastric mucosa so that hypercalcaemia is often associated with epi¬ 
gastric pain, dyspepsia and peptic ulcers.) The cause of this acceleration 
of hydrogen ion secretion is unknown, it may be due to stimulation of 
carbonic anhydrase activity. In early hypercalcaemia therefore (with 
the exception of hyperparathyroidism), there may be the paradoxical 
finding of a raised plasma bicarbonate with a low urine P'S.. On the 
other hand, parathormone inhibits hydrogen ion excretion so that when 
hypercalcaemia is due to hyperparathyroidism there is a rise in urine 
P'S. and a tendency for the plasma bicarbonate to fall. 

Hypercalcaemia and hypercalcuria from any cause profoundly 
impair the kidney’s ability to concentrate the urine; frequently the 
urine concentration remains fixed at a concentration well below that 
of plasma. The impaired ability to concentrate is related to the hyper¬ 
calcuria as well as the hypercalcaemia and may therefore occur without 
hypercalcaemia. If hypercalcaemia persists there is a fall in glomerular 
filtration rate, a rise in blood urea and proteinuria. At first the blood 
urea is only moderately raised to 60-60 mg./lOO ml., and there is then 
a marked discrepancy between the severe impairment in concentrating 
ability and the modest rise in blood urea. Gradually so many nephrons 
are destroyed that eventually the findings are the same as those in 
chronic renal failure from any cause. At this point the increasing 
impairment of hydrogen ion secretion and ammonia production of 
renal failure is superimposed upon the effect of hypercalcaemia and if 
the plasma bicarbonate was raised it now falls to normal or below. 

Clinical Features Associated with Hypercalcaemia and Hypercalcuria 

As the renal failure is only related to the high urinary excretion 
of calcium and not to negative calcium balance (unlike potassium and 
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sodium), the general signs and s}'mptoms \‘ary wdcly from one cause 
to another For instance, if the lij’percaJcuna is secondarj to bone 
disease there will be a ncgati\ e calciam balance and signs and symptoms 
of bone softening or fractures, wlicnns if hj-pcrcalcuna is due to 
excessive intestinal absorption of calcium tlierc will be calcium 
equilibrium and no signs or S3*inptoms of bone disease 

There is aluaj-s thirst, pol^-dipsia and polyuna Tlicsc arc often of 
such seventy that the patient may at first be thought to be suficnng 
from diabetes insipidus (p 30G) 

Hypcrcalcuna is usually present when the scrum calaum is 
raised, it may also be present without sucli a nse Altcmativclj, if 
the glomerular filtration rate is sufTiacntlj depressed there may be 
hypcrcalcrcmia without hypcrcalcuna Occasionally when the unnary 
excretion of calcium is extremely high i e around 1 000 mg a day (on 
a normal diet the usual range is 8(M00 mg) the unne upon standing 
will develop a thm white diaiky prcapitalc whicli is charactcnstic. 

TEtiology and Diagnosis 

Increased Unnary Excrelton of CaUum as a cause ef Fenal ratlure 

(a) roUciring Increased Calettim Absorpiton In compulsive milk 
dnnkmg vitamin D intoxication sarcoidosis idiopathic hypcrcalcamia 
of infants and there is an increased alimentary absorption of calcium 
and the following sequence hypercalcicmia-^hypcnalcuna-►renal 
failure 

Compulsive milk dnnkmg is a rare condition which initially, can 
easily bcovcrlooked fortlicpalientmayfultodisclocefusidiosyncrasy 
or he minimises its extent Frequently the milk dnnkmg begins because 
of recurrent dyspepsia but as the amount taken increases and hyper 
calcaimia develops the dyspepsia becomes worse The fact tliat these 
patients arc also apt to tike larger quantities of alkalis may increase tlie 
liability of calcium to be deposited in the kidney Tliey are frequently 
admitted wath advanced renal fuJurc and alkalosis Diagnosis may 
be difficult for by tins lime glomerular filtration rate is so depressed 
that there is no hyTicrcalcuna and in addition the patient is now «o 
ill and nauseated Uial his compulsion for milk is I'ss pressing Hyper* 
calcarmia is usually present and often there arc widespread deposits of 
calaum m the skin joints, comex and lungs 

Unequivocal vitamin D intoxication is rare In adults it occurs 
as a form of food fnd, and in infants xnd children from ov cr soliatous 
motherly attention Tliere is increasing evidence that infants and 
children may normally' ingest larger qumtilies of vitamin D than arc 
necessary, for not only is it glv en as concentrated cod and halibut liver 
oil, but mucli of the food they eat. sucIi as milk preparations an I 
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cereals, may have vitamin D added in substantial quantities. This 
excess may be the precipitating cause of the increased calcium absorp¬ 
tion of idiopathic hypercalcsemia of infants. Recently the vitamin D 
content of commercial milk preparations and cereals has been reduced. 

The increased calcium absorption of sarcoidosis also appears to be 
due to vitamin D; not excess ingestion, but rather to a hypersensitivity 
to normal amounts either in the food or following exposure to sunlight. 
The increased absorption and hypercalcuria can be controlled by 
adrenal steroids, 150 mg. of cortisone per day for 10 days causes a fall 
in plasma calcium and in urinary calcium excretion. 

(&) Following Increased Rate of Bone Decalcification. There are 
three principal conditions to be considered: hyperparathyroidism, 
diffuse carcinomatosis of bone and myelomatosis. 

The diagnosis of hyperparathyroidism depends on the finding of a 
raised plasma calcium, a low plasma phosphate, and hypercalcuria; the 
characteristic periosteal erosions in the bones of the hands, bone cysts, 
a raised alkahne phosphatase and recurrent renal calculi may also 
occur. It is the condition which gives rise to the highest serum calcium 
concentrations; sometimes over 20 mg. per 100 ml. Acute hyper¬ 
parathyroidism with severe prostration, muscular weakness, pains and 
tenderness, vomiting, cardiac failure, dyspepsia, pol 5 mria and polydipsia 
may not be recognised, unless the diagnosis is suspected on every 
occasion that there is unexplained thirst and polyuria. Radiological 
bone lesions may be absent both in acute and chronic hyperparathyroid¬ 
ism, which makes the differentiation from sarcoidosis difficult. The 
confusion is greatest if renal failure is moderately advanced, for this 
occasionally causes the plasma phosphate to rise and thus obscure one of 
the most characteristic signs of hyperparathyroidism. 

Diffuse carcinomatosis of bone is usualy identified by X-rays of the 
skeleton and there may be an erythroblastic anaemia. 

Renal failure associated with myelomatosis is sometimes due to 
increased urinary calcium excretion. Hypercalcsemia may precipitate 
a rapid deterioration of renal function. 

Treatment 

The treatment of renal tubular acidosis is discussed in Section 17. 

The increased calcium absorption in sarcoidosis is treated \vith 
cortisone; as this functional peculiarity is often phasic, treatment 
should be interrupted now and again to see if it is still necessary. 

Idiopathic hypercalcsemia of infants will usually respond in a few 
weeks when treated with either a low calcium diet or cortisone; the 
latter allows a much greater flexibility in the diet, and calcium ingestion 
need only be controlled to a limited extent. 
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Hy-pcfparathjToidism is treated by removal of adenomata or 
h^-perplastic glands. Acute renal failure following operation may 
occur and is particularly dangerous, for the falling serum calcium and 
rising potassium summate in their ill effects. Patients suffering from 
compulsive mUk drinking or vilainm D intoxication are usually only 
in need of adn'ce. 


MAGNESIUM 

Increased Urinary Lxerelion oj Magnesium due to Renal Failure 
N^erj'- occasionally a severe exacerbation of acute upon dironic 
pyelonephritis in a patient with cstablisiicd chronic renal failure may 
cause a reversible urinary leak of magneswm Tins is nearly alM'n}‘s 
associated with a simultaneous equally reversible leak of sodium and 
potassium and a profound h>T>ocaIca‘mia The diagnosis is most ca5il> 
made by measunng the plasma magnesium whicli will be low. Symp¬ 
toms of magnesium deficiency develop at plasma Icsels of magnesium 
well below 1 mCq /I. These consist of gross tremors, confusion with 
panic attacks, \ omit mg, fasciculaiion, hyporeflcxia and usually, but not 
alv^•ays, a positive Trousseau and Clnostck’ssign. It ismtercstingthat 
m magnesium deficiency with hypocalcxmia the plasma calaum may 
nse upon giving magnesium chlonde 

Chronic renal failure from other causes sue!) as persistent glomerular 
nephritis has on rare occasions been described as causing a persistent 
unnary leak of magnesium. 

Renal Failure due to Magnesium Defietency 

This Ins not been described in man. Jn animab magnesium 
deficiency causes an increased potassium excretion with pot.issiiini 
depletion, together with a hypcrcaJcimia and hypcrcalcuni Kcnal 
failure develops eventually. In the earlier stages the potassium 
deficiency is associated with an unimpaittxi ability to concentrate 
Tlic reason for this is not krio^m Tljcre may be a humm parallel It js 
known that hjpcraldostcrom^m causes an increa^txl unnary cacntic.n 
of migne^mm, and it is al*o established lint some patients with 
Iij’pcrahlostcrnmsm may In\e a potassium deficit without an impair¬ 
ment m the ability to concentrate It is possible that this m.iy be due 
to the associated magnesium tlcficicnty. 
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SrLrcTjvr functional defects of the rem! tubules 7m> either 
congenital or acquired 

CONCEVITAL DEFECTS OF TUBULAR FUNCHON 
The following js n modification of JicLson and Lmdrr s eh'; ifica 
tion of these conditions 
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clinical features of the disease and asoul an) p-ocipitate precis on 
about its Tliolop) In addition to the tubular nl normahts tl ere is 
aUo an impairctl abilit) of the intestines to absorb calaun an I 
occasional!) phosphate Tlie cause of the tubule s impairnl ah ht\ tc) 
reabsorb phosphate is not clear It Is pos'ib’c that it is due to a 
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secondary hyperparathyroidism compensating for a primary impair¬ 
ment in the ability to absorb calcium from the gut. In favour of this 
explanation is the fact that (1) in a few cases exploration of the neck has 
demonstrated parathyroid hyperplasia; (2) secondary hyperparathy¬ 
roidism is known to occur in nutritional osteomalacia; and (3) if para¬ 
thyroid function is inhibited by a twelve-hour intravenous infusion of 
calcium, tubular reabsorption of phosphate rises precipitously until 
very little phosphate appears in the urine (in one patient there was no 
phosphate in the urine for twelve hours). If this explanation is accepted 
familial hypophosphatsemia is a disease of the small bowel in which 
the kidneys are normal. It is then difficult to explain why, very 
occasionally, a patient may also have tubular glycosuria or amino¬ 
aciduria. Whatever the true explanation of this s 3 mdrome the 
remarkable abihty to reabsorb phosphate which follows an intravenous 
infusion of calcium makes it most unlikely that there is a primary 
defect in the tubules capacity to reabsorb phosphate. 

The disease is nearly always inherited as a sex-linked dominant 
characteristic, i.e. it appears to be placed on the X chromosome. This 
conclusion follows from the fact that all the daughters of the male 
sufferers tend to be affected but none of the sons, whereas half the sons 
and half the daughters of the female sufferers are affected. 

The classical s}mdrome is that of dwarfism in a young boy with late 
rickets (around the age of four to eight years), but many affected 
individuals, particularly women, are healthy and have no skeletal 
changes. Regardless of bone changes the presence of the disease in the 
affected person is recognised by the low concentration of serum 
phosphorus and the diminished ability of the tubules to reabsorb 
phosphate. The tubular abnormality is detected by one or more of the 
several methods described earlier (p. 76). For instance, when the 
condition is particularly severe urinary phosphate excretion continues 
when the concentration of serum phosphorus is below the normal 
phosphate threshold of 2-1 mg./lOO ml. Urinary calcium excretion is 
always low. The glomerular filtration rate is unimpaired and the 
concentration of serum calcium is usually normal though occasionally 
it is raised in the affected children (i.e. under the age of 15 years) and 
usually normal thereafter, and a bone biopsy shows the appearance of 
osteomalacia. Plasma alkaline phosphatase is raised. The impaired 
intestinal absorption of calcium has been demonstrated in patients with 
skeletal changes. There are, as yet, no reports of calcium balance 
studies in affected individuals with normal bones. 

Treatment. The aim of treatment is to increase calcium absorption 
and thus increase the deposition of calcium in the bones. This is 
attempted either by giving calcium alone or in combination with 
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calciferol; sometimes caldfciol is p\*cn \%-ith phosphate; and occa¬ 
sionally phosphate alone is eiven. The short-term efiicaty of treatment 
can be gauged by foUo%ving the plasma alkalme phosphatase and the 
urbary excretion of calcium. TTjc former should fall and the latter 
should rise. At longer infcr>*als serial X-ra>-s of bone ^\-ill demonstrate 
ttlicther the aim of treatment is being achieved. 

CaJdum lactate 15-20 g /day may be sufficient. Vitamm D is gi\cn 
in large amounts such as calafcrol 2-S mg. per day. Sometimes the 
calciferol is of most benefit if gi^n wth a high intake of dtctar>‘ phos¬ 
phate and the admmistration of NaallPO, 2 H 2 O 10 g per day Cala¬ 
fcrol may be difficult to control for it appears that llic p.aticnt's 
sensitivity may fluctuate so that he may cither dcselop hypcrcalcaimta 
uhicli indicates that too much is being given or a nsc in the plasm.i 
alkaline phosphatase uhich means that the dose of calafcrol is 
insulfidcnt. Occasionally the administration of large amounts of 
phosphate alone \\ithout ntamm D has caused a radiological impro\ c- 
ment in the bone lesions Tins only occurs if tlic unnarj- calcium 
excretion is high or " high normal As treatment progresses there is 
usually no significant change in plasma phosphorus or calatim though 
the tubule's ability to reabsorb phosphate often improves rrcquently 
the condition docs not respond or there is only a transient improvement 

Impaired Abihty to Reabsorb Glucose 

This condition is hnowm as renal gljcosurn and is descnlxxl on 
p. 316 

Impaired Ability to Reabsorb C)‘sUnc and Certain 
Other Amino-adds 

There arc two pnncipal conditions in wlucli cj*sUnc appears in the 
urine. In one, xshich b usually known as cystinuna, the metabolism 
of cj’sline b normal, but an isolated abnormahtj' of tubular function 
allows large amounts of C 3 ’stme. and the dibasic amino aads arginine. 
ly«ine and ornithine to be excreted m the unne Patients suffering from 
ci’stmuna also Ime a defect ot intestinal alisorption lor cj’Stinr, 
nrgminc. Ij’sinc and omithme. Tlic other condition in whidi cj'stine 
may appear m the unne is best called lystine storage disease, but is also 
known as one cause of rancom's syndrome. Tlie important dnturb.ince 
b a defect in protein and amino-aad metabolism which causes a wide¬ 
spread depodlinn of c>stir.e throughout the body. At the same time 
there is dcjxisitcd in the tubules an urudenlifsed metabolite which 
causes the abnonnahties of the tububr function. Tl:»e include 
c>stinuria and other amino-aadunas, pho<phatuna. glucosuru and 
sometimes on impaired abdit) to acrdify and concentratr the unne 



212 SELECTIVE DEFECTS OF TUBULAR FUNCTION 

Cystinuria. In this condition cystine appears in the urine together 
with arginine, lysine, and ornithine. The excretion of cystine averages 
0-5 to 1 g. per day. A solution of cystine at a 6 to 7 hecomes 
saturated around 300 to 400 mg./l. and tends to come out of solution 
when it is acid. In patients with cystinuria it is extremely Hkely, 
therefore, that at night when the urine is both concentrated and acid 
it becomes supersaturated, which explains why the clinical complication 
of the disease is the recurrent formation of renal calculi made of cystine 
which are radio opaque. The other amino-acids which appear in the 
urine are freely soluble and do not form calculi, nor does their 
excess loss seem to cause any detectable clinical abnormality. The 
first cystine stone commonly presents during childhood or infancy; 
it is rare for it to do so after the age of 30. It is a surprising feature of 
cystinuria that though renal calculi may recur over a number of years, 
renal infection is unusual. 

Treatment consists in drinking 31. of fluid throughout the 24 hours, 
including two glasses of water upon going to bed and another two after 
midnight, when the first two have usually forced the patient out of bed 
to empty his bladder. It is claimed that such treatment will not only 
prevent the formation of new stones but it wiU also "dissolve ” those 
present. If, on the other hand, this is insufficient to prevent precipitation 
of cystine the urine is made alkaline by the administration of 15 g. per 
day of sodium bicarbonate. 

Cystinuria can also be treated by the oral administration of 
D-penicillamine at regular intervals throughout the day. The relatively 
insoluble cystine is then converted to the highly soluble penicillamine- 
cysteine-disulphide. The dose of D-peniciUamine has to be adjusted to 
the rate of cystine excretion. This treatment is much more convenient 
for the patient but at the moment (i.e. 1966) the cost of the D-penicil¬ 
lamine is approximately £500 per patient per year. 

Cystine Storage Disease and Fanconi’s Syndrome. This condition is 
discussed on p. 214. 

Impaired Ability to Reabsorb Xanthine 

This condition is usually known as xanthinuria. It is due to two 
functional defects. First, an absence of xanthine oxidase in the liver 
so that the conversion of xanthine to uric acid is blocked; and, secondly, 
a tubular defect of xanthine reabsorption. The clearance of xanthine 
equals that of the glomerular filtration rate. Large quantities of 
xanthine therefore appear in the urine but only traces of uric acid, and 
the blood uric acid is exceedingly low. Occasionally, xanthine renal 
calculi, translucent to X-rays, may be formed. As xanthine is much 
more soluble in alkaline urine, treatment consists in the administration 
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of sodium atratc or btcarbonafc to those patients «ho are apt to form 
stones 


Impaired AUlity to Reabsorb Caldum 

This condition is known as idiopathic hj'pcrcalcuna It is character 
iscd by a calcium exaction greater than 400 mg per daj Tlic ah 
mentary absorption of calcium houmcr is also raised tint the 
patient is in caJaum balance and tlicre are no bone changes Pl as rrn 
calcium is normal but m about 10-20 per cent of patients the phsma 
phosphate is Ion (i e belou 2 fl mg /lOO ml) A mmontj of patients 
With idiopathic hj’pcrcalcuna dcsclop renal stones 

There is still considerable controversy about the cause of (Ins 
disturbance It has not jet been possible to determine whether the 
pnmary defect is a dcacased tubular ability to reabsorb calcium or an 
inacascd intestmal absorption of calaum Or whether the increased 
intestinal absorption of calcium is sccondarj to Iij’perparathjToidKm 
Tlic position 15 not made clearer b> the finding at operation that m a 
small proportion of tho^e patients who Ime a low scrum phosphate tlie 
parathyroids arc lij^icrplastic and that such patients arc improved b> 
partial parathjTOidectomy 

Treatment Unless the patient suffers from renal stones treatment is 
notrequircd Ifstoncsarebcingformcdandthcpaticnthasalow pbsma 
phosphite the neck should be explored for parathjToid hjTwrplavn 
Otherwise the aim of treatment has been to trj and lower unmrj 
calcium excretion m an attempt to prevent the formation of new ‘tones 
or to produce regression of existing stones Tlie vanotis wa>*s this has 
been attempted include (I) a low calaum diet (2) the use of oral 
sodium phjtatc (G-8 g per daj with meit») or cellulose phosphate 
(12-1& g per day with meals) to bind calaum in the lumen of tl e 
intestine and so retluce calaum absorption (3) the use of iK-ndro 
fluatide (&-7 mg per dij) wbicJi reduces caluum excretion bj «omc 
unknown medianism, (4) a low phosphate diet together wath the 
administration of aluminium hydroxide gil (100 ml /daj of Aludrox) 
to bind phosphate in the intestinal lumen (this reduces phosphate 
absorption and also depresses calaum absorption), (^) the admim 
sfntion of oraf sodium b;car£)onafr perdaj) fo a/jb/mKc the 

iinne for this al<o reduces unnitj calaum exaction Some of thr<y 
minoeuvTcs are tedious or unpleasant and *ome occauonalj} cau^e 
uncomfortable side effects Tliej arc •omctimes capab’e of lowenng 
tinnarj calaum exaction to VYfj low lev el< r g below 50 mg pa daj 
Nevertheless there is no convinang eviderec that tl is irflucnces tl " 
rate of stone formation or causes anj rq^rcssjon cr d sjppearance of 
existing calcifietl stones A few patients in whom urmarj ealciiim 
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excretion has been persistently reduced to below 40 mg. per day have 
stiU developed new stones, though these were uncalcified. 

Some authorities advise the drinking of large volumes of water to 
prevent the urine becoming concentrated and thus to minimise the 
chances of calcium precipitating. This is probably good advice but it is 
important to remember that some water supphes contain large amounts 
of calcium (e.g. London, 10 mg./lOO ml.) and that the ingestion of large 
amounts of such water may substantially increase urinary calcium 
excretion. 


Excessive Reabsorption of Phosphate 

This extremely rare condition is also known as pseudohypopara¬ 
thyroidism. The patient presents with attacks of tetany or fits, and 
the diagnosis is made by finding a high plasma phosphate concentration 
and a low serum concentration of calcium which are not influenced by 
injections of parathormone. There are no other abnormalities of renal 
function. These patients have characteristic round flat faces with 
small bulbous noses, thin straight mouths, and strabismus; they also 
have short stumpy hands with stunted metacarpals. They are usually 
mentally retarded. 

Impaired Ability to Reabsorb Glucose, 

Amino-adds and Phosphate 

This combination of functional defects is often defined as Fanconi’s 
syndrome. In nearly every instance it is due to the toxic effects upon 
the tubule of either a metabohte or an exogenous poison (p. 219), 
There are a few isolated cases in which up till now it has not been 
possible to find such a cause. Such patients are sometimes referred to as 
suffering from an Idiopathic de Toni-Debre-Fanconi syndrome; there 
is little evidence that this syndrome is inherited. 

The best known example of Fanconi’s syndrome is the one associated 
with the widespread deposition of cystine (cystinosis). This is an inborn 
error of metabohsm which is inherited as a simple Mendelian recessive. 
The tubular defects do not appear until the end of the first six months 
of life. The amino-aciduria includes a wide variety of amino-acids, but 
the amount excreted is much less than in cystinuria (p. 212). ^ In 
addition there are often other tubular defects including an impaired 
ability to acidify and concentrate the urine and a renal leak of potassium. 
These defects may follow from the initial tubular damage and they may 
in their turn cause further tubular lesions. This vicious spiral can 
sometimes be arrested and many of the tubular defects reversed by 
therapeutically correcting their consequences, i.e, if the phosphate 
loss is corrected with vitamin D and the acidosis with alkalis, the 
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amjno aaduna may be lessened oralxdisbcd and a potas«jum kak maj 
be arrested, potassium replacement lias sometimes cured llic impaired 
abtlit} to acidifj and concentrate Apart from these cfiaractcn'tic 
tubular abnormalities there is always protcinuna, cliaractcn>tic.allj 
there IS high cwction of oj globulin Glomerular filtration rate is 
alwa>‘S tmjiaircd 

It has been slioim by means of microdis-^iction of mduidual 
nephrons from patientsuho Imcdicd fromcjslmosis th it tlic condition 
Ls associated watli a characteristic stmctural lesion (I ig 17 1) Tlie 
proximal tubule is shorter than normal and is connected by an 
abnormally long and narrow neck quite unlike any thing seen m normal 
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subji>cts Tlie tclcx’ance of this finding is cquiv ocal for a similar finding 
hxs licen found in eases of congenital nephrotic syndrome and other 
diMases wliicli base none of the tubular defects assoaaled with the 
I anconi syndrome 

Cystinosis first makes it«elf manifest either in infancy or oeca^ onally 
jfi chifdhood The chmeaf picfare k one of fhrrst, polyuna fulare to 
tlin\e and rickets The children arc characten«ticaUy ^liort and v^uat 
the bhxxi urea is alway'S raised the plasma jwtasuum often l>^!ow 
3 ml q/I and occa'iion3ll\ there is a hypcrchlor-rmic acido^K Unnar\ 
calcium excretion is low and the aluncnian abvjr^Uinn of calcium is 
imjvijinl Dngno<i5 depends upon finding opaque depr/^its of ca-simr 
in the coniea or the finding of cs'stinc in a lurr or Umph n xlc I « ps 
Infants may die cf dehaalration with electrolyte itisbabiKe T! o'>^ 
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who survive into childhood die of progressive chronic renal failure 
before puberty. 

Treatment of the defect of phosphate reabsorption with vitamin D, 
calcium and sodium phosphate; of the renal tubular acidosis with 
alkalis, and of the potassium defect have been mentioned earlier. The 
administration of potassium should be increased gradually for hyper- 
kalsemia is easily induced. 

Impaired Ability to Achieve a High Hydrogen Ion 
and Osmotic Gradient 

This condition is also known as renal tubular acidosis, hyper- 
chlorsemic acidosis and hyperchloraemic nephrocalcinosis. It is also 
known as renal acidosis, an unfortunate term which invites confusion 
with the acidosis found in chronic renal failure (p. 167). The best label 
is that of renal tubular acidosis. 

The outstanding abnormalities of tubular function are an impaired 
ability to acidify and concentrate the urine. The inability to lower the 
urine is not due simply to an impaired ability to transfer hydrogen 
ions from the cell to the tubular fluid for if an artificially high urinary 
excretion of phosphate is induced by giving large amounts of phos¬ 
phates, the rate of urinary hydrogen ion excretion can be raised 
to normal levels. In these circumstances, of course, the titratable 
acidity rises without an appreciable change in urinary ^H, for the 
hydrogen ions are buffered by the phosphate as they emerge into the 
tubular fluid. It seems therefore that the functional impairment in 
renal tubular acidosis is an inability to produce and maintain a hydrogen 
ion gradient between the tubule lumen and the cell. With normal 
quantities of buffer in the urine the impaired abihty to lower the urine 
pYi results in a reduced excretion of titratable acid. Ammonia excre¬ 
tion is usually normal in relation to the urine pH, but as the urine pH 
cannot be reduced the absolute excretion of ammonia is nearly always 
low (Fig. 17.2). The combination of a reduced titratable acid and 
ammonia excretion causes a serious diminution in total hydrogen ion 
excretion and a retention of hydrogen ions. In addition to the impaired 
ability to produce and maintain a high hydrogen ion gradient across 
the tubule wall the tubules are also unable to produce a high osmotic 
gradient so that there is an impaired ability to produce a highly 
concentrated urine. 

Renal glycosuria and amino-aciduria do not occur and the maximal 
capacity to excrete PAH and reabsorb phosphate is normal, but other 
abnormalities of tubular function may be present. There can be an 
increased urinary calcium excretion, and nephrocalcinosis; often both 
are present together, but they can occur independently. Their cause is 
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unknown It has been suggested that the ncplirocalanosis is due to 
the reduced excretion of citrate which aixompanics the persistently 
raised unnary />H The increased calcium excretion is oltcn assoaated 
wth osleom^aaa There may also be an increased excretion of potas 
Slum gi\ mg nse to potassium defiacncy Again the cause is unknowm, 
possibly it IS related to the intracellular aadosis 

Tlie fall in plasma bicarbonate which accompanies the retention of 
hjdrogcn ions is accompanied by a compensatory increase m plasma 



1933 Quart J U/i) 

chfonde concentration Often Ificrefore Ifie diagnosis is first siispecirtf 
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giving a single dose of ammonium chloride by mouth (p. 65) there is 
usually little change in the urine and the excretion of ammonia 
rarely rises above 60 ^Eq./min.; in children the urine is usually 
greater than 7-4 and there is therefore extremely little excretion of 
ammonium. The impairment in the ability to concentrate the urine 
following dehydration or after the administration of vasopressin is 
equally striking, in contrast to the almost normal glomerular filtration 
rate, e.g. creatinine clearance 90 ml./min., urine osmolality after 
vasopressin 420 m.osmole/kg. (S.G, 1-013). 

Children (usually male infants) are affected mainly by the inability 
to concentrate the urine and the retention of hydrogen ions, so that they 
usually present with failure to gain weight and dehydration accom¬ 
panied by vomiting and constipation; nephrocalcinosis, calcium 
deficiency and potassium deficiency are uncommon. It is interesting 
that in Europe the incidence of so-called primary infantile renal 
tubular acidosis suddenly declined after 1954. This decline and the 
transient nature of the disturbance in infants, suggests that in many 
instances it is due to an environmental factor. Nevertheless, none has 
been discovered except for the occasional case due to mercurial poison¬ 
ing with dusting or teething powders. 

In adults, the most frequent clinical presentation is that of osteo¬ 
malacia, or hasmaturia and renal infection due to nephrocalcinosis, and 
renal calculi developing in a woman. In a few adults the disease has 
only been discovered accidentally because an abdominal X-ray, taken 
for some unrelated purpose, has shown the appearance of nephro¬ 
calcinosis. In some of these patients the tubule’s impaired ability to 
acidify and concentrate the urine has not been accompanied by hydro¬ 
gen ion retention so that the plasma pH- and bicarbonate have been 
within normal limits. It has been found that this paradoxical situation 
is due to an increased tubular capacity to excrete ammonia. It is not 
known whether these findings represent a stage in the chronological 
progress of the condition or a separate disorder. 

Treatment consists in the administration of alkalis (sodium 
bicarbonate or citrate) for the acidosis; citrate and citric acid are given 
to increase the urinary excretion of citrate so as to prevent the further 
precipitation of calcium in the renal parench 3 rma, e.g. sodium citrate 
98 g., citric acid 140 g., water to 1 litre, 50-100 ml. per day. The 
administration of alkahs also decreases the rate of urinary excretion 
of calcium. In addition, calcium deficiency is treated with calcium 
lactate and calciferol, and potassium deficiency with potassium citrate. 
At first it may be necessary to give as much as 200 mEq. of potassium 
per day; during this time the administration of’sodium bicarbonate 
and citrate is decreased. Later a patient may need 150 mEq. of 
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sodium and 50 mI3q of potassiom as bicarlwnatc or atrale Renal 
infections sliould be treated a%ith continuous antibiotics but «ulphon- 
amides should be aa-oidcd for tlieir inhibiting effect on carbonic 
anhjdrasc aggra\atcs the impaired abtlit> to excrete hjdrogcn ions 
Renal tubular acidosis in children can us»an>' be controlled and often 
there may be a spontaneous recoxcry In adults trtatmcnl mn\ be 
more difficult and recox crj is unusual 
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It is not proposed to discuss these conditions except to stress that 
it is often difficult to distinguish whether a tubular defect is congenital 
or acquired; that often acquired lesions are superimposed upon 
congenital ones; and that treating the metabolic disorder caused by a 
tubular defect may not only cure the disorder but may also improve or 
abolish the original tubular abnormality which was its cause. 
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RENAL FUNCTION AND METABOLIC ALKALOSIS 

The normal kidney’s ability to deal successfully with a severe, 
persistent metabolic alkalosis is now well recognised. For instance, it 
has been shown that if patients suffering from peptic ulceration are 
treated with a continuous intragastric drip of 1,000 mEq. of sodium 
bicarbonate (84 g.) per day for three weeks there is a persistent rise in 
plasma bicarbonate, but no apparent change in renal functional 
efficiency, and in fact the glomerular filtration rate tends to rise and 
the blood urea to fall. 

Nevertheless, in clinical practice the combination of alkalosis and 
renal failure occurs relatively frequently, and until recently it has been 
considered that the alkalosis was the cause of renal failure. The 
evidence mentioned above, however, contradicts this conclusion and 
the true position is more complex. Excluding increased ingestion of 
sodium bicarbonate, metabolic s^lkalosis is caused by either a deficiency 
of chloride, hydrogen or potassium ions, or very occasionally by a rise 
in plasma calcium concentration (p. 58). The connection between 
potassium deficiency and renal failure has been discussed previously 
(p. 200) while the connection between chloride and hydrogen ion 
deficiency and renal failure is best discussed in relation to the most 
common syndrome in which renal failure and alkalosis occur, i.e. 
pyloric obstruction, in which it will be seen that potassium deficiency 
may also contribute to the alkalosis, and the renal failure. 


Pyloric Obstruction 

Gastric juice contains water in which there are approximately 
145 mEq./l. of chloride, 83 mEq./l. hydrogen ions, 50 mEq./l. of 
sodium, and 12 mEq./l. of potassium. Following the persistent vomiting 
of pyloric obstruction there develop deficiencies of water, hydrogen 
ions, chloride, sodium and potassium and, occasionally, there is the 
further complication of a gastro-intestinal haemorrhage. Each of these 
gives rise to its own sequence of disturbance in body fluids, and renal 
function. It is important to realise that the direction of some of the 
renal functional disturbances depend on the pattern of the deficiencies, 
i.e. there may be oliguria or polyuria, an alkaline urine or an acid urine. 
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PYLORIC OnSTRUCrrON 223 

TJjcrdativeproportionsofthesedefidendestlctermlnewhich /{mctiorwl 
changes will pr<^oinmatc. 

Fig. 18.1 illustrates (he clianges srhtclt may occur. 


•3 



Ufinify rurttign K 4 

n pli'n* anil »m»l fnnctlnn wMcii may occtii 

^cmitisg cf {lyloric ob»»nj«tion 



224 


RENAL FUNCTION AND METABOLIC ALKALOSIS 


Factors Involved in the Renal Failure of Pyloric Obstruction 

Water and Blood Loss. The continuous loss of water (with sodium 
and chloride) reduces the volume of aU fluid spaces including the blood 
volume, and this is followed by consequences which have been described 
previously, i.e. renal vasoconstriction -> reduced glomerular filtration 
rate rise in blood urea. These changes \vill be more pronounced if 
there is also gastro-intestinal bleeding; in rare instances acute renal 
failure develops. Usually the renal ischsemia stops short of tubular 
necrosis and there is only oliguria with a urine concentration which 
tends to be raised. 

Hydrogen Ion Loss. The loss of hydrogen ions raises the plasma pH, 
slows respiration and raises pCOa. The rise in pCOa then causes the 
proximal tubule to increase its secretion of hydrogen ions from the 
tubule cell into the tubule lumen so that there is an increase in the 
reabsorption of bicarbonate from the tubule lumen back into the plasma, 
and also an increase in generation of fresh bicarbonate by the tubule 
cells which is then secreted into the plasma. The loss of hydrogen ions 
in the gastric juice is therefore one cause for the rise in plasma bicar¬ 
bonate. 

Chloride Loss. The loss of chloride ions lowers the plasma concentra¬ 
tion of chloride and thus the chloride filtered at the glomerulus. If 
the concentration of plasma sodium has fallen to a relatively less extent, 
which is probable because of the greater quantity of chloride than 
sodium in gastric juice, then the proportion of sodium to chloride in 
the tubule fluid wiU have risen, i.e. there will be relatively less chloride 
to reabsorb than sodium. This will stimulate hydrogen ion secretion 
from the proximal tubule cell into the lumen and so increase bicarbonate 
reabsorption and generation (p. 58). This is another cause for the rise 
in plasma bicarbonate. 

In addition, the lowered content of chloride in the tubular fluid 
in the proximal tubule, automatically reduces the amount of sodium 
that can be absorbed, for sodium reabsorption must stop as chloride and 
bicarbonate reabsorption become almost complete. 

It follows that though the patient is sodium deficient (because of the 
loss of sodium in the vomit) proximal tubular reabsorption of sodium 
cannot be complete as it usually is in other forms of sodium deficiency 
(p. 58). Sodium therefore continues to be spilled over into the distal 
tubule. In the distal tubule however, sodium reabsorption is linked 
with an exchange for either potassium or hydrogen ions, and the relative 
quantities of potassium or hydrogen ions which are so exchanged 
depend on their intracellular concentrations. But in pyloric stenosis 
the patient is vomiting both hydrogen and potassium ions and he and 
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his distal tubular cells will be defiacnt m hj drogen and potas,$ium jons 
The sodium that spills oacr from the proximal tubule into the distal 
tubule therefore is either not reabsorbed or will !>♦ reabsorbed in 
exchange for potassium or lijdrogcn ions There is then the paradox 
that a patient sufTcnng from sodium potassium and hjdrogcn ion 
dcfiacncj maj be excreting «od»um potassium and an acid unne {«cc 
bclo«) nie loss of sodium ions contributes to the reduction in mlra 
cellular \oIumc and therefore to the prcapitation and perpetuation of 
renal failure Tlie loss of potassium also eontnbutes to the renal 
failure 

Potassium Loss Tlie consequences of potassium loss on renal 
function Imc been described on p 200 Tlicrc is ^mc reduction in 
glomerular filtration rate but tlie most marked feature is foty una Math 
a unne concentration Mhich remains iso- or hsTiolonic Plasma 
potassium is low and to compensate for this there is a shift of potassium 
from the intracellular space to the plasma and extracellular space and 
a rexerse shift of hydrogen and sodium ions from the extracellular «pacc 
into the cells Tlie loss of h)drogen ions from the plasma results in a 
nvj in plasma bicarbonate one other cause of aJkalosts in pjloric 
obstruction 

Sodium Loss TTiere is an oxcrall sodium deficienc) maml> due to 
the xomiting of sodium m the gastnc juice but compared with the 
extracellular fluid wmit contains rcJatixcly more w-alcr than sodium 
so that the concentration of plasma sodium sometimes nsea Usuall) 
however the patients thirst forces him to dnnk water and this 
selective partial replacement of water to the exclusion of sodium 
lowers the plasma concentration of sodium below normal 

If sodium and potassium dcfiacnc> become sufliaentlj severe the 
urtne is aad though the plasma is becoming increasingly alkaline 
This is due to the lack of available potassium on the cation cxcliange 
mcelianism in the distal tubule If sodium reabsorption is rcarlj 
complete and there is no availab’c potassium some of the sodium ions 
teabsotbed m tlie distal tubule will be replaced by hvdrogen ions and 
the unne wall become aad Tins phenomenon must also be related to 
the raised concentration of hysirogm ions within the tubule cells 

Chronic Henal Disease It is obvious that if there is some ante¬ 
cedent impairment of renal function the onset of pylonc obstruction 
and vomiting wall cause n rapid dctenoralion of renal function 

Alkalis and MflJe. The most frequent accompaniment of pylonc 
obstruction is peptic ulceration fo^ which patients take l>oth alkalis 
an 1 milk Once the glomerular filtration rate liegias to fall Ixxaiiw 
of dehydration or potassium slcficiency the continufsl adnun stration 
of vxlium 1 icarbonate is rot only oselcss but rajrdh aegravatn tl c 
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alkalosis. The high intake of calcium which accompanies the large 
ingestion of milk and certain alkalies, such as calcium carbonate, may- 
cause hypercalcsemia or at least hypercalcuria which is an additional 
cause for the renal failure and also for the rise in plasma bicarbonate. 

Treatment of Metabolic and Renal Consequences of Pyloric Obstruction 

Upon admission to hospital, most patients with benign pyloric 
obstruction cease to vomit and quickly begin to correct their electrolyte 
and water deficiencies almost unaided. During the first few days it is 
customary to wash out the stomach before meals. Water and food then 
pass through the pylorus and are absorbed in normal amounts; in such 
patients it is only necessary to make sure that they are given a mixed 
diet and that it is relatively low in protein until the glomerular filtration 
returns to normal levels. 

Occasionally, however, it may be necessary to accelerate recovery 
by giving electrolytes and water intravenously or in additional amounts 
by mouth. Isotonic sahne is given intravenously in sufficient quantities 
to correct hsemoconcentration, peripheral vein constriction and 
tachycardia. The administration of isotonic saline not only corrects the 
depletion of the extracellular fluid volume but also provides at least 
30 mEq. of chloride per litre to correct the chloride deficiency. (One 
litre of isotonic sahne contains 160 mEq. of sodium and 150 mEq. of 
chloride while plasma contains 140 mEq./l. of sodium and 100 mEq./l. 
of chloride.) Once the volume of the extracellular fluid is replenished 
the continued administration of saline rapidly cures any remaining 
chloride deficiency and metabolic alkalosis, for the sodium ion is 
excreted while the chloride is retained. It is always important to give 
potassium by mouth even if plasma potassium concentration is normal, 
for there may be potassium deficiency without much change in plasma 
potassium. If plasma potassium concentration is unequivocally 
decreased potassium chloride should be given intravenously in com¬ 
bination with isotonic saline or 5 per cent glucose. When there is 
severe potassium deficiency, sodium chloride should not be given without 
giving potassium simultaneously, for the administration of sodium 
chloride may increase the urinary excretion of potassium. 

It is unnecessary and perhaps harmful to use ammonium chloride 
for the correction of a metabolic alkalosis due to vomiting. Surgery 
should be avoided until renal function has recovered and there is no 
longer any evidence of electrolyte deficiency. 
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RENAL DISTURBANCES FOLLOWING 
IMPLANTATION OF THE URETERS 
INTO THE BOWEL 

When the bladder is severely diseased it may be necessary to 
transplant the ureters. They can be placed so that they open either on 
the skin surface, into the large bowel or into an isolated segment of the 
small bowel. 

Ureterosigmoidostomy 

This operation is almost inevitably followed by reflux of faecal 
material up the ureters, and in addition some of the contents of the 
urine are reabsorbed on their way down the colon. The reflux causes 
severe renal infections while the reabsorption of urea, hydrogen ions 
and chloride also cause certain complications. The reabsorption of 
urea is responsible for a rise in blood urea regardless of any change 
in renal function. It is distinguished from a rise in blood urea due 
to a true depression in glomerular filtration by estimating the plasma 
creatinine, for creatinine is not absorbed from the bowel. The re¬ 
absorption of chloride ions is important because in the bowel they 
are reabsorbed to a greater extent than sodium; this mechanism and 
the reabsorption of hydrogen ions tend to cause hyperchlorsemic 
acidosis. The acidosis is greatly aggravated by the simultaneous 
absorption of ammonium salts (p. 65) formed from the urine 
by urea-splitting bacteria in the urine. The steady infusion of 
urine into the colon can therefore be looked upon as equivalent 
to a continuous infusion of ammonium chloride. In addition to the 
acidosis the other important complications of ureterocolic anastomosis 
is potassium deficiency from excess loss of potassium in the faeces. 
It is not clear whether this is due to the inevitable pyelonephritis 
which accompanies this operation so that increased quantities of urinary 
potassium are delivered into the lumen of the bowel, or whether it is 
caused by the loss of large quantities of colonic mucus in the faeces 
due presumably to irritation of the bowel by urine. 

If the patient is not to become acidotic and oedematous (from the 
sodium reabsorption) the kidneys have to compensate for the intestinal 
reabsorption by excreting increased quantities of urea, sodium chloride, 
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hjdrogcn ions and ammonium After a fc\v monllis the initial diflrrcncc 
between tlie rates of cWonde and sodium rcabsorption becomes less 
marked and the tcndcnc> to aadosis cca«es Tins compensation is 
accompanied by marked hj*pcrtroph> of the kidncj-s 

Tlic renal infection may be accompanied b> partial or complete 
urcicne obstruction (occasional!) both of lliesc maj lia\c been present 
before operation due to the disease in the bladder) IJoth infection and 
urctcnc obstruction impair tububr function including the abihtj to 
citcrctc hydrogen and ammonium so that lhc> maj cause a rapid 
onset of scscrc acidosis Infection maj also cause a unnarj leak of 
potassium Tlic nausea of aadosjs diminishes the spontincoiis in 
take of water and potassium and cventuall) it maj cau>c vomiting 
considerable dehydration and contraction of the extraccllubr fluid 
volume Dehydration renal infection urctcnc obstruction and acidosis 
can each depress glomerular filtration rate together they may rapidly 
cause death from acute renal failure Alternatively the patient may 
present wath hypokahtmic paralvsis the syanptoms of potavsium 
deficiency being always more severe if there is an associateil acidosis 
as opposed to the usual accompaniment to potassium deficiency 
which is an extracellular alkalosis 

Tlicsc hazards arc encountered most frwjucnily immediately or 
very soon after operation Occasionally a patient may remain well 
for several months and then suddenly become ill and develop an 
aadotic coma in a few days It is probable that these relapses are 
due to an exacerbation of renal infection 
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course of antibiotics should be'given even if there is no overt evidence 
of renal infection. 

When the symptoms are more severe and include vomiting, 
dehydration and clouding of consciousness, the rapid administration of 
1/6 molar sodium bicarbonate intravenously, alternating with 5 per cent 
glucose, if necessary, will usually cause a quick return of consciousness. 
If the renal damage is reversible the blood urea will also quickly return 
to normal. Antibiotics are again administered together with large 
quantities of sodium bicarbonate by mouth until the plasma bicarbonate 
is normal. 

Ureteroileostomy 

If the ureters are placed in an isolated segment of the ileum most of 
the complications hsted above can be avoided. The hazards are similar 
to those in ureterosigmoidostomy and for the same reasons, but they 
occur less frequently and are less severe. This is because the urine is 
only in contact with the small segment of the deum for a shorter 
time. And the intraluminal pressures in this segment are much lower 
than in the colon so that reflux is less of a problem. 
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IMMUNOLOGICAL DISEASES 
or THE KIDNEY 

Tiif theory thit the diseases included under this heading are due 
to ibnormal antigen *intil>od> responses is supported bj much c\ idence 
and forms a good working hj'pothesis it his the ment of linking 
together a number of conditions which hue manj clinical and some 
histological features in common 

Tlie following conditions are discussed 

(1) Glomcruhr neplintis 

(2) Renal disturbances m pol>'artcnti5 nodosa 

(3) Renal disturbances in diflusc lupus cr>thcmafosu8 

(4) Renal disturbances m subacute bactcnil endocarditis 

(8) Renal disturbances in anaphjiactoid purpun 

(0) Lung purpura with nephntis (Goodpasture s 5>*ndro'ne) 

GLOMERULAR KErimmS 

Tins disease is subdiMded into in acute and a persistent form 
Each has seven! clinical components 
Clovtxvlas NrrJisms Pjrsrviivc Uz»ai ^yarroM 

Acute Anile nephntic fyn Irene 

Acute renal fatlurv 

PBifSHTr’iT Kapill> projmitve reral faitorr 

PcT'iitent pro’rmttna 
Uecormit bs’inaluna. 

Nephrotic •>'iHlretT»e 
Chronic renal failcrre 

renistrnt glomcruhr nephntis mi> follow acute glomerular 
ncpbntis Conv crsclv, an attaeV ol icute glomcruhr nephntis ma) Iw 
supenmposed upon persistent glomcruhr nephntis 

A wide varictj of histologicil diangcs accompany these innous 
clinical presentations Tlic most diiractenstic occur in the glcmmili 
They include minor dianges that can only !» detected with (he electron 
microscope Tlie light microscopv changes ire proliferation or swcllirr 
of the cells of the flomeruhr tnft mluphcntion or thrkcnine of t! e 
basement membrane, inrillraticn with polvjuorpf oitidcar l«.cocytes 
tn 
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capsular crescents, and fibrous tissue replacement. Eventually, as 
increasing numbers of nephrons are destroyed the general architecture 
of the kidney is barely recognisable. Usually the changes seen in 
acute glomerular nephritis and in the rapidly progressive form of 
persistent glomerular nephritis are sufficiently distinct to enable a 
fairly accurate correlation to be made between the histological 
appearances and the clinical features.. The pattern of histological 
changes which accompanies the other clinical forms of persistent 
glomerular nephritis, however, gives little or no indication of the accom¬ 
panying clinical features. The correlation between the histological 
changes and the clinical features are listed below: 


Histological Changes in 
Glomerular Nephritis 

1. Endothelial proliferation, reduplica¬ 
tion and widening of basement mem¬ 
brane, polymorphonuclear infiltration 
and occasional capsular crescents. 

2. Same as 1, but more severe and 
associated with numerous large suc¬ 
culent crescents. 

3. (a) No change with light microscopy.' 
(6) Proliferation of endothelial cells. 

(c) Swelling and vacuolation of epi¬ 
thelial cells, 

{d) An even thickening of the walls of 
the glomerular capillaries. 

(e) Mixture of (6), (c) and (d). 

(/) Widespread destruction of renal 
architecture with fibrous tissue 
replacement. 


Accompanying Clinical 
" Renal " Syndrome 

'Acute nephritic syndrome. 

"S Acute renal failure. 

Rapidly progressive renal failure. 

’Persistent proteinuria. 

Recurrent hsematuria. 

^ Nephrotic syndrome. 

Chronic renal failure. 


In the absence of a clear-cut denominator it is not obvious why 
these various renal disorders should be merged within one collective 
term. The reasons are histological, clinical and traditional. 

Clinical. Patients suffering from acute glomerular nephritis may 
develop a nephrotic S 5 mdrome, while others with a nephrotic syndrome 
or with chronic renal failure due to glomerular nephritis may develop 
an acute nephritic syndrome. Such cases clearly defy rigid classifica¬ 
tion and can only be placed under one comprehensive term. 

Traditional. It is traditional to group together all those elements 
which now comprise glomerular nephritis since it was in this manner 
that they were originally described by Bright. His account is given 
below. It is a descriptive compression of acute glomerular nephritis, 
and both the nephrotic syndrome and chronic renal failure of persistent 
glomerular nephritis as if they all three formed one continuous process. 
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in alternate ratio, sometimes without apparent relation. Again the 
patient is restored to tolerable health; again he enters on his active 
duties; or he is, perhaps, less fortunate; the swelling increases, the 
urine becomes scanty, the powers of life seem to yield, the lungs 
become oedematous, and, in a state of asphyxia or coma, he sinks into 
the grave; or a sudden effusion of serum into the glottis closes the 
passages of the air, and brings on a more sudden dissolution. Should 
he, however, have resumed the avocations of life, he is usually subject 
to constant recurrence of his symptoms; or again, almost dismissing 
the recollection of his ailment, he is suddenly seized with an acute 
attack of pericarditis, or with a still more acute attack of peritonitis, 
which without renewed warning, deprives him in eight and forty hours, 
of his life. Should he escape this danger likewise, other perils await 
him; his headaches have been observed to become more frequent; 
his stomach more deranged; his vision indistinct; his hearing depraved: 
he is suddenly seized with a convulsive fit, and becomes blind. He 
struggles through the attack; but again and again it returns; and before 
a day or a week has elapsed, worn out by convulsions, or overwhelmed 
by coma, the painful history of his disease is closed.” 


Acute Glomerular Nephritis 

.®tiology 

Infecting Organism. Acute glomerular nephritis follows infection 
with a ]8 haemolytic streptococcus, usually types 4 and 12, though a few 
other strains are occasionally involved. It is possible that the pre¬ 
dilection of these strains to affect the kidneys is due to their having 
antigens in their cell walls which are the same as those in the basement 
membrane of the kidneys. This specificity of strain accounts for the 
irregular manner in which cases of acute glomerular nephritis appear. 
Until this was recognised, it was difficult to know why the incidence of 
acute glomerular nephritis varied so widely among epidemics of 
streptococcal infection: particularly why several members of a family 
should suddenly develop the disease almost simultaneously. 

Site of Infection. This is usually the throat or the skin. Typically 
there is such a severe sore throat that the patient has to retire to bed 
for several days; in children, scarlet fever was at one time a major 
cause of acute nephritis, but it is now less frequent, probably because 
of the use of penicillin. The proportion of cases in whom it is possible 
to obtain a satisfactory history of previous infection is about the same 
in children as adults. 

Interval between Infection and Onset. This interval varies from 2-3 
days to more than a month; it averages 14 days. It is usual for the 
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The first lesion to resolve is the diffuse endothelial proliferation. 
But focal areas of mesangial proliferation remain for a considerable 
time thereafter, even in those patients who eventually make a complete 
recovery. These focal collections lie along the stalks of the glomeruli 
and are particlarly noticeable at the periphery of the stalk. A peripheral 
lesion of this kind then consists of a collection of mesangial cell nuclei 
surrounded by a relatively large common “ cytoplasmic ” mass in 
which no cell boundaries can be discerned. Around the periphery of this 
lesion there lies a group of capillaries with normal walls. This residual 
focal mesangial proliferation is stated to be characteristic only of post¬ 
streptococcal nephritis. 

The " cytoplasmic ” mass which surrounds the proliferated mes¬ 
angial cells is composed mainly of mucopolysaccharide which has been 
secreted in excess by mesangial cells in response to the inflammatory 
stimulus. The term " lobular stalk thickening ” has been coined to 
describe the appearances produced when this material is deposited along 
the long axis of the glomerular stalk. 

Clinical Features 

The clinical features of acute glomerular nephritis are those of an 
acute nephritic syndrome (p. 190). Clinically the cardinal points are 
the sudden onset of cedema, gain in weight and oliguria; raised blood 
pressure and bradycardia; raised jugular venous pressure and 
dyspncEa; hsematuria, proteinuria and discoloured urine. Acute 
glomerular nephritis is the commonest cause of " heart failure ” in 
children. It is important not to be confused by finding that in most 
patients there is a high white ceU excretion rate, and in about a third 
of patients an as 5 antomatic persistent bacilluria. The white cells pre¬ 
sumably come from the acute inflammatory lesions in the kidneys 
which are themselves due to the deposition of antigen etc. The organ¬ 
isms responsible for the bacilluria are ordinary urinary pathogens such 
as E. coli ; their relevance, if any, to the primary renal lesion is unknown. 

Relationship Between Certain Clinical and Structural Features 

Renal biopsy studies have shown that in acute glomerular nephritis 
the presence of proteinuria and hsematuria is evidence of widespread 
and pronounced prohferative and inflammatory changes in the 
glomerular tufts, though the severity of these structural changes bears 
no relation to the extent of the proteinuria or hsematuria. Surprisingly, 
there is only an uncertain relationship between the creatinine clearance 
and the structural changes in the glomeruh; and the concentration 
of the blood urea is the poorest guide to the presence or extent of such 
changes. Impairment in the ability to concentrate is certain evidence 
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of wdespread focal degeneratne lesions of the tubules though these 
can be present wthout gross changes in concentrating abihty a 
raised erythrocyte sedimentation rate above 50 mm m the first hour 
(Westergren) is highly suggestive of tubular degeneration Widespread 
necrosis of glomeruli is always associated with acute renal failure but 
otherwise there is httle correlation between the presence of acute renal 
failure and the seventy of the structural lesions 

Course 

In some senes in children there have been no deaths and complete 
recovery m almost 100 per cent In adults complete recovery occurs m 
approximately 80 per cent of patients 5 per cent die withm one or two 
weeks of acute pulmonary oedema renal failure or hypertensive 
encephalopathy while the remamder develop persistent glomerular 
nephntis The persistent stage may either develop as a rapid detenor 
ation of the acute phase with increasmg renal failure cedema and 
hypertension and death within a year (5 per cent) or there may be 
almost complete recovery except for the continued presence of proteui 
una which persists for up to 25 years before the onset of chrome renal 
failure (10 per cent) A supenmposed nephrotic syndrome occurs 
particularly in those who develop and die of persistent glomerular 
nephntis within a year 

Differential Diagnosis 

The onset of acute glomerular nephntis is sometimes mdistmguish 
able from that of several other conditioas which give nse to an acute 
nephntic syndrome The history of recent infection the identifica 
tion of the streptococcus an antistreptolysin titre greater than 1 in 
300 and the low level of serum complement are useful distmguishing 
points Occasionally a patient may present with acute renal failure 
following the use of a sidphonamide for a streptococcal infection It 
may then be extremely difficult to decide whether the patient has 
acute glomerular nephntis or acute tubular necrosis In such cases it 
IS essentia] that the ureters be cathetensed to make certam that they 
are not plugged with crystals of sulphonamide and tubular d^bns 
(P 154) 

The two conditions which cause most confusion are some cases of 
polyaitentis nodosa and dissamnated lupus erythematosus often 
the correct diagnosis is only made retrospectively A pyrexia for longer 
than the first two to three days or the contmued presence of macro¬ 
scopic h»matuna are highly su^estive of a diagnosis of polyartentis 
nodosa 
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Prognosis 

At the beginning, acute renal failure is the comphcation most likely 
to destroy the patient. Acute glomerular nephritis is one of those 
rare causes of acute renal failure in which there is often complete 
cessation of urine flow. In adults acute renal failure due to acute 
glomerular nephritis nearly always causes death even if life is 
prolonged by appropriate measures. In children, ■ however, dialysis 
is accompanied by recovery in most cases. Acute pulmonary cedema 
and hypertensive encephalopathy should respond to treatment what¬ 
ever the age of the patient. 

Recurrent exacerbations of haematuria and hypertension, with 
violent fluctuations in glomerular filtration rate and blood urea, carry 
an increasing risk that the patient may develop rapidly progressive 
persistent glomerular nephritis. Nevertheless a guarded prognosis 
should be given for a considerable time, for recovery may take place 
even if the disease has persisted in this manner for several weeks. It 
has been claimed that rapidly progressive glomerular nephritis never 
follows an attack of acute glomerular nephritis due to an infection 
with ]3 haemolytic streptococci. If the onset of acute glomerular 
nephritis is associated with a petechial rash, complete recovery is 
unusual. 

The proteinuria which follows any attack of acute glomerular 
nephritis constitutes the most difficult prognostic problem. It is 
generally considered that the patient has an active renal lesion until 
proteinuria ceases, and that the longer this continues the more likely 
it is that he will develop persistent glomerular nephritis and renal 
failure. Complete recovery, therefore, has not taken place until 
proteinuria ceases. But for how long may it continue and yet recovery 
occur? Fig. 20.2, drawn from Addis's observations, gives the most 
comprehensive answer. It can be seen that whereas in the majority 
proteinuria ceases within two years, there are some patients in whom 
it continues for six to ten years before it disappears. The moral is to 
be optimistic. 

Treatment 

Prophylactic. It is reasonable to try and eradicate the jS haemolytic 
streptococcus from a small community (i.e. a family), in which a case 
of acute glomerular nephritis has occurred. The organism is highly 
sensitive and easily removed by one injection of long-acting penicillin. 

Curative. There is no known way of preventing acute glomerular 
nephritis developing into persistent glomerular nephritis. Accordingly, 
treatment is directed solely at saving the patient’s life and shortening 
the duration of the acute attack. 
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An attempt should be made to isolate the ^ hjemolytic streptococci 
immediately on the day of admission Pemcilim administration is 
begun on the same day and continued for a considerable time thereafter 
Opimons differ, but some authorities consider that pemcilhn should be 
contmued until protemuna disappears, however long that may be 
Bed rest is essential, for it is remarkable hou' often a diuresis and 
recovery will begm withm a few hours of the patient's Tetmng to bed, 
irrespective of the duration of the illness up to that time Rest in bed 
also diminishes the nsk of acute pulmonary cedema and hypertensive 
crises Forthefirst24faoursitis\velltoailowonly500ml ofsweetened 



YEARS BETWEEN ONSET AND COMPLETE RECOVERY 
Pic 202 iDteivalbetueea onsetaod bcabngof acute glomerular nephnbsia 
8S cases \sbo reco%ere<l completely (Alter Addis 1919) 


fruit jmce by mouth and nothing else Tlus allows time to observe the 
direction the illness is takmg and its seventy If during that tmie a 
diaresishas begun, le il tbe unne volume is greater thsn J.OOOmJ and 
there has been a loss of wei^t, then a normal diet and unrestncted 
intake of fluids is allowed If a diuresis has not begun but the unne 
volume is greater than 400 ml, the intake of fluids for the next 24 hours 
should be limited to 500 ml plus a volume equal to that which has been 
passed m the preceding 24 hours, a low salt, low protem diet is also 
started By these means it is hoped to prevent the onset of acute 
pulmonary cedema and to inmumse the nse in blood urea If the unne 
volume has been lower than 400 ml the patient is considered to have 
acute renal failure and treated accordingly (p 153) 
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The treatment of acute pulmonary oedema and hypertensive fits 
has been described on p. 193. 

Once a diuresis has begun there is no evidence that the speed of 
recovery thereafter is influenced by the amount of protein in the diet. 
For instance, it has been shown that the duration of proteinuria follow¬ 
ing acute glomerular nephritis is the same whether abnormally high or 
low protein diets are given for some weeks after the oliguria and urea 
retention have ceased. 

How long the patient should remain in bed once the oedema, the 
raised jugular venous pressure, hypertension and raised blood urea have 
disappeared is determined by the number of red cells or the amount of 
protein being excreted in the urine. Progress is best guided by the red 
cell excretion. The aim is to allow the patient to get up once the red 
cell excretion, though still raised, has reached a relative plateau. The 
excretory rate should have fallen to somewhere near 1,000,000/hr. 
Usually, however, progress is judged by the extent of the proteinuria, 
and again it should reach a steady level before the patient is allowed 
to get up. As a rough approximation, it should fall below 1 g./24 
hours, or be no greater than -f in a sample of urine with specific 
gravity above 1’016. 

It is clearly a useless and an unwarrantable interference with the 
patient’s liberty to keep him in bed until proteinuria disappears, for 
(1) proteinuria will persist for over a year in about half of the 90 per 
cent of patients who eventually make a complete recovery (Fig. 20.2), 
and (2) in those in whom the disease remains active it may persist as 
the only abnormahty for 25 years. There is no evidence that the 
duration of rest in bed influences the eventual course of the disease. 


.®tiology 


Persistent Glomerular Nephritis 


Clinically, persistent glomerular nephritis either (1) follows an 
attack of acute glomerular nephritis in a clinically recognisable manner, 
or (2) it presents without any previous known history or evidence of 
renal disease. In the first group it seems reasonable to venture that 
the development of chronic glomerular nephritis is related in some 
way to an abnormal antigen-antibody response to the j8 haemolytic 
streptococcus, though there may be no evidence of such an abnormality 
by the time persistent glomerular nephritis develops. The aetiology of 
the second group is even more uncertain. 


Presenting Renal Syndromes 

Persistent glomerular nephritis may present ais a rapidly progressive 
renal failure, a persistent proteinuria, recurrent haematuria (usually 
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wth persistent protemuna), a nephrotic sjndrome, or chrome renal 
failure 

Pathology 

The structural changes which occur with the rapidly progressive 
form of persistent glomerular nephntis are fairly exclusive The 
changes m the other chmeal forms of persistent glomerular nephntis 
are only poorly related to the accompanying clinical features 

SfACROSCOPICAL APPEARANCES IN PERSISTENT GLOMERULAR 

Nephritis 


The rapidly progressive form of persistent glomerular nephntis 
causes death ivithm one or two years At autopsy it is unusual for 



Fic 20 3 Persisteat glomerular nephntis Schema ol {a) normal glomenilus 
and (b) glomerulus m the rapidly progressiie Iona of persistent glomerular 
nephntis The diagram accentuates Uie following points the capsular 
crescent the lobulation of the glomenilar tuft the accumulation of cosm 
staining matenal (depicted as solid black clumps) and la addition some 
of the features of acute glomenilar nephntis such as focal proliferation of 
cells polymorph and narrow captUaiy lumens are shown 
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there to be more than some cortical narrowing to-be seen with the 
naked eye. The macroscopical appearances of the kidney in patients 
dying during a nephrotic syndrome may either resemble those found in 
patients dying , of persistent glomerular nephritis with chronic renal 
failure, or both kidneys are pale, smooth and enlarged. Death from 
chronic renal failure is associated with bilateral, symmetrical,-shrunken; 
irregular and firm kidneys, the -surfaces of which are pitted from 
contraction of underlying fibrous tissue, and raised by areas of- hyper¬ 
trophied nephrons. 

Microscopical Changes in the Rapidly Progressive Form of 
Persistent Glomerular Nephritis ■ 

In the glomeruli the outstanding feature is one of intense widespread 
proHferation. This is most marked, as in acute glomerular nephritis, 
in the endothelial and mesangial cells, but the epithelial ceUs of the 
glomerular tuft also proliferate and swell. The distinguishing .feature 
is the extensive proliferation of the cells of Bowman's capsule ydth 
the formation of numerous large,,thick crescents (Fig. 20.3). Often 
these are so wide that they seem 'to compress and obliterate the tuft. 
The capillary waU changes are similar to but more pronounced than 
those found in acute glomerular nephritis. Some glomeruli are replaced 
by collagen. The tubules are invariably widely separated by a marked 
increase of interstitial material which is heavily infiltrated with chronic 
inflammatory cells. As in acute glomerular nephritis there are 
scattered foci of tubular necrosis. 

Microscopical Changes in Persistent Glomerular Nephritis 
Presenting with either Persistent Proteinuria, 

Recurrent H.$maturia, a Nephrotic 'Syndrome or 
Chronic Renal Failure. 

With few exceptions patients with these clinical forms of persistent 
glomerular nephritis will have one of the following patterns of histo¬ 
logical changes, [a) Proliferative changes in the glomerular tufts, 
sometimes with extensive tubular and interstitial involvement, {b) 
Changes in capillary walls of the glomerular tufts with little or 
no evidence of proliferation in the tufts and little or no tubular 
involvement, (c) No obvious glomerular lesion on light microscopy. 

{a) Proliferative Changes. In the main these have been described 
in the section on acute glomerular nephritis (p. 237) for the changes are 
the same as those which follow soon after the acute phase. The extent 
of the endothelial and mesangial cell proliferation and the size and dis¬ 
tribution of the deposits of mucopolysaccharide vary from patient to 
patient and within the glomeruli of any one patient. Capsular crescents 
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are few in number but collagen replacement of glomeruli may be 
pronounced. Tubular changes may be minimal or there may be a 
generalised increase in interstitial tissue including varying amounts of 
fibrous tissue and extensive infiltration with cronic inflammatory cells. 

Terminally the normal structural layout of the kidney is completely 
shattered (Fig 20 4). In the acute and rapidly pro^essive forms of 
glomerular nephritis there are severe changes, but the kidney contmues 



Tio. 20 4. Schema oXpersutcQtglomcralvnrphntu with chrome reoM failure 
^The diagram emphasises the loUowuig pomts the gross generalised 
disturbance with a hypertrophied glomerulus and tubule, surrounded by 
a matting ol connectisc and fibrous tissoe m which are embedded atrophic 
tubules, disintegrating glomcruh and some chrome infianunatory cells 
One glomerulus is compietdy fibrosed (depicted as solid black] while the 
third shows a crescent and deposits of an eosin stauimg material m the tuft. * 


to look like a kidney. After several years of nephron destnictfon it is 
hardly recognisable. There is a large amount of fibrous tissue inter¬ 
sperse with nephrons which are cither hypertrophied or in var 3 ing 
stages of disintegration. One of the most sinking features is the 
scarcity of giomeruli. Most of the tubules which remain are insig¬ 
nificant, atrophic and have fiattened epithehum, and narrow lumens. 
Hypertrophie nephrons are easily identified by their large glomeruli 
and exceedingly wide tubules; it is in these laige nephrons that the 
" broad'' casts of chronic renal bilure originate. 
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(6) “ Membranous ” Changes. The only change in some patients may 
be a thickening of the glomerular capillary walls (Fig. 20.5), and some 
swelling of the epithelial cells. In contrast to the capillary wall changes 
which have been described above in association with endothelial 
proliferation in acute glomerular nephritis, the thickening does not 



Fig. 20.5. Persistent glomerular nephritis; pure membranous change. Schema 
of (a) normal glomerulus, and (6) glomerulus in persistent glomerular 
nephritis. The diagram accentuates the following points; the increased 
thickness of the capillary walls; the deposits of eosin staining material 
(depicted as solid black clumps); and the relative paucity and smallness 
of the tuft nuclei. 


consist of a shredding of the luminal side of the membrane. Instead 
the thickening is fairly uniform and compact so that the capillary 
walls appear dense, and sharp in outline. With the electron microscope 
it is seen that the thickening of the capillary wall is mainly due to the 
fact that the epithelial cell foot processes have disappeared and instead 
the epithelial cell cytoplasm has increased in amount and now hes as an 
uneven layer on the surface of the basement membrane. There may 
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also be focal deposits of some dense matenal between the basement 
membrane and the epithelial cdl cytoplasm The basement membrane 
IS often unchanged while in some patients it may only show areas of 
focal thickeiung and discrete collections of electron-dense matenal 
The term ” membranous nephntis ” dates from the time before electron 
microscopy, when it was bought that the even smooth thickemng 
of the capillary walls was due to an even thir.kemng of the basement 
membrane 

(c) No Glomerular Lestom on Light Microscopy Some patients may 
have protemuna but no glomerular lesions on light microscopy In 
nearly all such patients the electron microscope will reveal changes 
m epithehal cell foot processes similar to those descnbed under (6) and 
the deposition of electron dense matenal m focal areas near or in the 
basement membrane 

In all varieties of persistent glomerular nephritis there may be 
changes m the artenes, mcluding atheroma, mtimal and medial 
thickening, endartentis obliterans and artenolor necroses These m 
turn will produce varying degrees of change m the renal parenchyma 
(p US) m addition to those just descnbed 

There is mcreasmg evidence from senal biopsies m mdividual pa 
tients that the histological appearances in the glomeruli rarely change 
from one vanety to another i e a patient with no definite abnormality 
or " membranous " change will not subsequently develop ' prolifera¬ 
tive ’ changes and vice versa This is m contrast to the tubules which 
may suddenly become severely aflected having previously been mtact 

Clmical Features 

Persistent glomerular nephritis may make itself manifest at any 
age and occurs mainly in males 

Rapidly Progressite Form of Persiitent Glomerular Nephritis 

This vanety of glomerular nephntis often begins abruptly with an 
acute nephntic syndrome (p 190) or it may develop insidiously Some 
authonties state that it never follows an acute nephntic syndrome 
due to p hsemolytic streptococcal infection ^Vhen it is a sequel to an 
acute neplmtic syndrome there is often an mitial diuresis and the signs 
of pulmonary cedema usually dimmish or disappear, but the patient 
remains severely ill with lassitude, headache and malaise. Some 
cedema remains and there is much pallor The blood pressure remams 
raised and tends to continue rising the erythrocyte sedimentation rate 
is considerably raised and there is a persistent anaiima Glomerular 
filtration rate and blood urea fluctuate, but both gradually detenorate, 
theabihty to concentrate is always grossly unpaired from thcbeginmng 
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Proteinuria may increase greatly and a nephrotic syndrome often 
develops after a few weeks. Urinary red cell excretion is always raised 
to extremely high levels, from time to time there may be macroscopical 
hasmaturia. 

When the condition develops insidiously, the patient presents 
because of increasing lethargy, malaise and headache. The signs and 
symptoms are those just described except that there is no evidence of 
pulmonary oedema. 

Relationship between Clinical and Structural Features. Renal 
biopsy and autopsy findings have demonstrated that there is a fairly 
constant relationship between the clinical syndrome associated with 
the rapidly progressive form of persistent glomerular nephritis and the 
structural changes. Nevertheless, the histological changes give little 
information about the extent of functional impairment. For instance, 
it is impossible, from a histological picture, to distinguish those 
patients who have a nephrotic s 3 mdrome and a blood urea of less than 
100 mg. per 100 ml. from those who have died of renal failure. On the 
other hand, the gross inability to concentrate the urine correlates well 
with the extensive tubular and interstitial lesions. 

Couise. Death occurs within 18 months of the onset of symptoms 
and is usually due to renal failure and severe h 3 ^ertension. 

Differential Diagnosis. Polyarteritis and disseminated lupus 
erythematosus are the two conditions with which the rapidly progres¬ 
sive form of persistent glomerular nephritis may be most often 
confused. Occasionally when the onset is gradual and the patient is 
middle-aged or older the condition may have to be distinguished from 
subacute endocarditis, amyloid disease or myelomatosis. A renal 
biopsy may be the only way to make certain of the diagnosis. 

Treatment. There is no effective treatment. Prednisone usually 
makes things worse. In the past few years there have been certain 
claims that cytotoxic drugs can arrest the disease and even cause the 
proteinuria to disappear. As there have been no controls these claims 
have not been accepted, the criticism being that the good results are 
due to the inclusion of patients who were not primarily suffering 
from rapidly progressive glomerular nephritis. 

Persistent Proteinuria of Persistent Glomerular Nephritis 

Persistent proteinuria as the only abnormal clinical feature may 
follow a clinically recognisable attack of acute glomerular nephritis, 
but more frequently it does not do so. It is usually discovered on 
routine investigation. At first it may be the only indication of the 
presence of glomerular nephritis. Later a nephrotic syndrome may 
develop, or chronic renal failure and hypertension, or there may be a 
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sudden exacerbation with a supenmposed acute nephntic syndrome 
Otten the protemuna is accompanied by a fluctuating mcrease m red 
cell excretion 

Relattonzhip betxcun the Cltntcal and Structural Features The most 
striking finding is that this symptomless protemuna m an other%vise 
healthy person may be assoaated with any of the wide vanety of those 
histological abnormalities which distmguish glomerular nephntis 
These may be identifiable only with an electron microscope, or there 
may be a smooth dense thickening of the basement membrane, or 
extensive proliferation wth much tubular and mterstitial damage. It 
IS also remarkable that the histological appearances are no guide to the 
probable duration of survival 

Course and Prognosis These are more easily considered with the 
chrome renal failure of persistent glomerular nephritis (p 255) 

Differential Diagnosis As nearly all renal disease presents with 
protemuna the differential diagnosis is a wide one The first step is to 
exclude orthostatic protemuna Subsequently an extensive mvestiga- 
tion IS necessary, mcludmg an IV P, renal biopsy, unnary cell 
excretion rate, creatuune clearance, and the ability to concentrate and 
to aadify. 

Treatment There is no known treatment A control tnal on the use 
of cytotoxic drugs is badly needed 

Recurrent Samatuna of Persistent Glomerular Ffepkntis 

This form of persistent glomerular nephntis is sometimes known as 
recurrent " focal ” nephntis It occurs almost exclusively m young 
or adolescent males Often each attack is assoaated with a sore throat 
or " cold and a general feelmg of malaise out of proportion to the 
upper respiratory symptoms These are not due to mfection with p 
hsmolytic streptococa, it has been clauned, but not proven, that a 
virus IS sometimes responsible Hxmatuna begins at the same time or 
withm one to three days of the onset of sore throat and it may last 
several w eeks As it settles the patient's general symptoms also improve. 
Dunng the attack there may be some transient mild impairment of 
renal function but no oedema or hypertension In betw een the attacks 
the patient feels well Eventually most patients have persistent 
protemuna though it may not become persistent until they have had 
several relapses A raised unnaiy red cell excretion accompanies the 
persistent protemuna 

Relationship beia^een Clinical and Structural Features The micro¬ 
scopical appearances are either normal or there may be endothelial 
proliferation m the glomeruli with the tubular and intestmal lesions 
desenbed above Sometimes m the milder cases the lesions may be 
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remarkably scattered, and it is for this reason that the term " focal ” 
nephritis was originally used. The relation between these structural 
changes and subsequent progress is not known for only few patients 
who have had a renal biopsy have been followed for a sufficiently long 
time. In general, those with the most advanced changes tend to 
continue to have frequent attacks. 

Course and Prognosis. It was originally considered that when 
haematuria and a sore throat developed simultaneously the renal con¬ 
dition was benign and transient. It is probable that with a single 
episode this is a justifiable conclusion. When there are recurrent attacks, 
however, the long-term prognosis is not so good. Some patients have 
been known to have recurrent attacks for 25 years without any marked 
deterioration. But many others with perhaps more frequent attacks 
eventually die of renal failure and hypertension. There is an unknown 
number in whom the attacks cease and who appear to make a full 
recovery. As in aU immunological diseases of the kidney children have 
the best prognosis and often do well even though they have multiple 
attacks. 

Differential Diagnosis. This s 5 mdrome is quite easily separated 
clinically and histologically from the rapidly progressive form of per¬ 
sistent glomerular nephritis or acute glomerular nephritis. The 
combination of recurrent painless haematuria and a sore throat should 
exclude local structural conditions of the kidney though the condition 
has been confused with recurrent pyelonephritis or renal stones. The 
first attack is the most difficult to distinguish with any certainty. It 
can easily be confused with the onset of polyarteritis nodosa, or some 
" bleeding ” disorder including Henoch-Schonlein’s purpura. 

Treatment. There is no consistently effective treatment. It seems 
reasonable to keep the patient in bed until he feels better, and it is 
convenient that the duration of this period usually coincides with the 
duration of macroscopic hsematuria. Some authorities give prophy¬ 
lactic oral penicfilin to avoid a superimposed jS haemolytic streptococcal 
infection. In some patients prednisone may produce a quick remission, 
but in others it only makes things worse. A. control trial of cytotoxic 
drugs, in those patients who have repeated attacks, is needed. 

Nephrotic Syndrome of Persistent Glomerular Nephritis 

The clinical features of a nephrotic syndrome have been described 
on p. 126. It is usual for the onset to be gradual, but a rapid onset 
sometimes occurs. 

Relationship between the Clinical and Structural Features. These 
are the same as in those patients wth persistent glomerular nephritis 
who present only \vith persistent proteinuria. In the individual case 
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the histological appearances are bttle guide to the probable duration 
of survival, though in general the prognosis is better when the 
structural changes are minimal, this is particularly evident in 
children 

The extent of the protemuna bears hardly any relation to any 
recognisable light microscopy change m the glomerulus except that 
(1) occasionally a patient passing very large amounts of protem may 
have a foamy distention of some of the glomerular cells, as if they were 
distended with some fatty substance, and (2) withm wide hmits the 
quantity of protem excreted dunimsbes as the number of functionmg 
glomenih become less, i e with a low glomerular filtration rate less 
protem is filtered and excreted The relation betw een the " selectivity " 
of the protemuna and the histological appearances has been descnbed 
on p 129 

The loss of epithehal cell foot processes, however, does seem to 
occur only with extensive protemuna, and it has been demonstrated 
both m man and m experimental animals that if the protemuna 
dunmishes the foot processes re form 

Course and Prognosxs Before the mtroduction of antibiotics, 
secondary mfectioos were the commonest cause of death, and the 
natural course of the disease was obscure Now that infection is a rare 
cause of death a dearer picture is emergmg, but it will take several 
decades before an accurate appraisal is available hleanwhile it con 
tmues to be difficult to mteipret published findmgs because of differences 
m tennmology A diminishing number of authonties, particularly 
among those who look after children, consider that when a nephrotic 
syndrome is not associated with bsmatuna, hypertension, or a reduced 
glomerular filtration rate, it is a separate entity unrelated to glomerular 
nephntis, and they distinguish it by the term "pure or genume 
nephrosis ” 

Some 30-50 per cent of cases will develop renal failure and/or 
hypertensive cardiac failure, and die withm a few years of the onset, 
about 20-50 per cent will recover completely, perhaps after several 
remissions and relapses, and a few 6 per cent) will also have complete 
remission but will contmue to have irregularly spaced relapses until 
protemuna becomes permanent, when they jom the group of 20-40 
per cent who continue to have cedema and protemuna of varying 
se\ enty for many years (up to 30 years) before developmg renal failure 
and/or hypertensive cardiac failure Generalised cedema usually persists 
even when renal failure is advanced and protemuna has diminished 
An exacerbation or relapse of cedema and protemuna is sometimes 
heralded by the onset of an acute nephntic syndrome Complete 
recovery becomes less likely the longer the duration of the dis e ase 
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As death is due either to renal failure or hypertension it is clear 
that as long as there is no evidence of either, the imnaediate and short 
term prognosis is good. But even when these ominous signs do appear 
the prognosis is not necessarily poor, for sometimes, after an.anxious 
few weeks, renal function may improve, hsematuria cease, and the blood 
pressure return to normal. Occasionally the glomerular filtration rate 
may remain around 40-60 ml./min. and the blood urea 50-70 mg. per 
100 ml. for many years even though there may be intermittent periods of 
transient deterioration (in two cases up to 20 years). In some instances 
the blood pressure rises gradually but there is no marked deterioration 
in renal function. 

The earher in the disease that h 5 ^ertension and renal failure occur 
the worse the prognosis, particularly in children; it is also a bad sign 
when the extent of the oedema is massive and is difficult to remove. 

Differential Diagnosis. The other conditions in which the nephrotic 
syndrome may appear are given on p. 133. Cases due to myelomatosis 
diabetes, anaphylactoid purpura or irradiation of the kidneys are easy 
to distinguish. An important cause which must always be kept in mind 
is the administration of troxidone. Amyloid disease of the kidney may 
be inferred from the clinical history and confirmed by biopsy; 
occasionally a renal biopsy shows amyloidosis when the clinical history 
is unhelpful or misleading and a fiver biopsy negative. Thrombosis of 
the renal vein is suspected if there is evidence of inferior vena caval 
thrombosis, recurrent pulmonary emboli from the unknown site, or 
the patient is known to have only one kidney, or amyloidosis. 

There remain polyarteritis and disseminated lupus erythematosus 
(D.L.E.). Polyarteritis as a cause of the nephrotic syndrome is 
unusual; at the onset it may be very difficult to distinguish from 
glomerular nephritis; renal biopsy is rarely helpful. The diagnosis is 
made when some more characteristic features of polyarteritis nodosa 
become evident (peripheral neuritis, fever, tachycardia, muscle pains, 
etc.) and is confirmed by muscle biopsy. D.L.E. is the most difficult 
condition to distinguish from glomerular nephritis, for sometimes there 
are no firm clinical reasons for suspecting it and renal biopsy 
findings may be equivocal. The only distinguishing feature may 
be the presence of L.E. cells in the peripheral blood or bone 
marrow, and antinuclear factor in the peripheral blood. 

Treatment. The treatment of nephrotic glomerular nephritis is 
mainly symptomatic. It is particularly concerned with the elimination 
of cedema by a variety of methods, all of which have been discussed on 
p. 132. Prednisone is used in children (p. 133) but the evidence that its 
long-term value is any greater than an effective diuretic is not available. 
This is unfortunate for a few children continue to die of the side effects 
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of prednisone In adults the relative uselessness and obvious dangers 
of using steroids has been discussed on p 136 where the total lack of 
objective evidence on the effica<^ of qrtotoxic drugs is also mentioned 
Nevertheless m an mdividual patient with a nephrotic syndrome m 
whom there is a rapid dtlertoraiton aj renal function, it is still ethically 
desirable (in the present state of our ignorance and lack of generd 
agreement) that a course of prednisone should be given ivith the patient 
under observafaon in hospital It has been claimed that this may some 
times be associated with a nse m glomerular filtration rate and a fall 
m blood urea Usually however there will be no beneficial effect or an 
accelerated deterioration The dose of prednisone should then be 
lowered and a tnal of a cytotoxic drug and predmsone can then be 
started As relapses and remissions frequently follow mfections, par¬ 
ticularly those in the respiratory tract reasonable attempts should be 
made to avoid these hazards and when they occur they should be 
treated promptly and eneigeticaUy with antibiotics 

Chrontc Renal Failure of Persistent Glomerular Nephritis 
The features of chronic renal failure have been desenbed 

on p 105 This IS the final stage through which pass most patients 
who eventually succumb to persistent glomerular nephritis Though 
in a few cases it is already kno\vn that the patient suffers from per 
sistent glomerular nephritis, m the majonty the symptoms of advanced 
cliromc renal failure, hypertensive caidiac failure, or mahgnant hyper¬ 
tension are the first mdication of its presence 

Relaltonshtp between the HKtolo^cal and Structural Features The 
individual lesions are the same as those desenbed m patients with 
persistent protemuru, recurrent hiematuna or the nephrotic syndrome 
The roam difference is that the lesions are now more extensive, 
particularly those mvolving the tubules and interstitial spaces. 

Renal function and the duration of survival are only poorly 
correlated with the extent of the histological findings 

Course and Prognosis The rale of renal destruction vanes \ery 
greatly it may fluctuate wlh quiescent penods and acute exacerba 
Uoas Tbs duration of tbs disease, from beginning to end may extend 
to 30 years, but, once the glomerular filtration rate has begun to fall 
and the blood urea to nse, there is a tendency for the advance of chrome 
renal failure to be fairly rapid and mexorable As a very rough 
approximation once the blood urea is greater than 60 mg per 100 mk 
the prognosis is not likely to be greater than 3-5 years and over 100 
mg per 100 mk 1-2 years These figures relate to the concentration of 
blood urea when the patient is on an unrestneted diet, has not had a 
recent hiemorrhage or attack of diairhcea and vomitmg, is free from 
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cardiac failure, and is not suffering from an acute exacerbation of the 
disease process as evidenced by the development of an acute nephritic 
syndrome or hsematuria. It has already been stressed repeatedly how 
circulatory insufficiency exacerbates renal failure and tends to give an 
erroneous impression of the extent of any underlying renal structural 
damage. Such an exacerbation may cause death from acute renal 
failure at a time when there is only a moderate amount of renal 
structural damage. 

In general, the higher the blood pressure the poorer the prognosis. 

Differential Diagnosis. Unless there is a suggestive past history, it 
is almost impossible to clinch a diagnosis of persistent glomerular 
nephritis as a cause of chronic renal failure without a renal biopsy. 

Persistent glomerular nephritis has to be distinguished from the 
other causes of chronic renal failure (p. 165). It is important that 
there should be no confusion with chronic renal failure due to chronic 
urinary obstruction ; the distinction is not particularly difficult. 

The most common causes of confusion are chronic pyelonephritis, 
and nephrosclerosis (i.e. renal destruction directly due to hypertension 
(p. 113). 

In chronic pyelonephritis there are, in addition to persistent 
proteinuria, chronic renal failure and hypertension, the following signs 
and symptoms; (1) The urine contains organisms, though these may 
only appear intermittently, and in advanced chronic pyelonephritis 
the urine may always be sterile; (2) there may be a history of recurrent 
unexplained “chills,” rigors and fevers, often with loin pains; (3) 
intravenous and retrograde pyelograms show scarring of the renal 
parenchyma with deformities of the renal calyces, the characteristic 
feature of which are their bizarre shape, and the way in which one side 
may be more severely affected than the other; (4) the urinary 
excretion of white cells is very large and usually greatly exceeds that 
of red cells. 

In persistent glomerular nephritis the extent of the structural 
disturbance is the same on the two sides, and the urinary excretion of 
red cells is much greater than that of white cells. Frequently none of 
these points of difference is present and in advanced cases a renal 
biopsy no longer distinguishes the original disease. 

The distinction between persistent glomerular nephritis and 
nephrosclerosis is often impossible without a renal biopsy. The urinary 
deposit in nephrosclerosis is characteristically small and consists of 
approximately equal numbers of red and white cells, but this is a 
tenuous point on which to base a diagnosis. Statistically the more 
severe the renal failure the more certain the diagnosis of persistent 
glomerular nephritis becomes, for " non-malignant ” hypertension only 
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rarely causes adv'anccd renal failure Again, if a patient is found to 
have malignant hypertension and there is no previous history of renal 
disease, it may be impossible to detenmne whether there exists an 
underlying chrome structural lesion such as persistent glomerular 
nephritis, ilahgnant hypertension is more likely to be a compheahon 
of pre«e.xistmg renal disease if the ladneys are small (straight X ray 
of the abdomen or IV P), or the renal failure is advanced when the 
diagnosis is first made 

Treatment is that of chrome renal failure (p 178) It aims at 
mimmismg or controlling certam functional unpairments It is 
doubtful if any method slows the rate of renal structural disintegration, 
except the control of hypertension 

RENAL POLYARTERITIS NODOSA 

This disease produces generalised disturbances (such as fever), and 
focal vascular lesions, m about 80 per cent of cases the kidneys are 
mvolved, cither alone or m combination with other organs 

The stiology of polyartentis nodosa is unknown but, since gamma 
globulin and complement are found in the glomeruli and similar 
disturbances and lesions can be produced in animals by mducmg certam 
antigen antibody reactions, it is probable that such a stimulus is 
responsible for the disease m man 

Pathology 

The charactenstic vascular lesions m the kidney may occur m the 
glomerular capillaries, the artenoles, or tlie small and medium sized 
artenes In renal biopsies, however, the overall changes are difficult 
to distinguish from tliosc of glomerular nephritis The artenal lesions 
arc scattered and difficult to find 

The characteristic glomerular lesion is a focal necrotising capUIantis 
m the midst of an acute inflamniatory reaction occasionally the entire 
glomerulus is necrosed (Fig 20 6) The artenoles may either show 
artenolar necrosis with penvascular inflammatory cell reaction, or 
endartentis obhterans (i e the same lesions as m malignant hyper¬ 
tension, except for the penvascular mflammation) The medium and 
small sized artenes sliow the diagnostic lesion of polyartentis nodosa, 
that is focal areas of acute segmental necrosis of a part or the whole 
of the artenal wall, together with an acute inflammatory reaction 
which invades and surrounds the necrotic area 

All these lesions occlude the lumen of the affected vessels and 
therefore the changes m the renal parenchyma (and the clmical 
features) largely depend on whidx vessels are involved When the 
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glomerular capillaries and the arterioles are affected the glomeruli show 

exudative and proliferative changes. _ . -u u 

When the small and medium sized arteries are affected there will be 
wedge-shaped areas of infarction in which the glomeruli will at first only 
appear “ coagulated ” or " clumped ” and then become fibrosed and 



Fig. 20.6. Polyarteritis nodosa. Schema of two glomeruli; one (a) illustrates 
that the necrotic lesions may be focal while the other (&) shows that the 
whole glomerulus may become necrosed. 


structureless, while the tubules, particularly the proximal tubules, 
become atrophied at an early stage; relatively normal renal tissue may 
surround the infarcts. 

Sometimes when the larger vessels are affected, the glomeruli may 
appear relatively normal but there are widespread tubular changes 
throughout the renal parench 3 nna, including tubular separation, 
changes in the nuclei, flattening of the tubular cells, and increase in 
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Size of Uicir lumens It is possible that these lesions are due to partial 
occlusions of Uie arcuate artenes 

NVlicn the vascular lesions heal there arc focal areas of marked 
mtimal fibrosis which contain capillaries (the sites of recanalised 
thrombi), focal ruptures of the internal clastic lamma, and areas of 
focal fibrosis of die arterial walls extending into the surrounding 
tissues 


Clinical Features 

Tile wide variety of pathological changes accounts for the extensive 
range of chnical features Renal polyarteritis nodosa may present as 
acute renal failure, chronic renal failure an acute nepJintic syndrome 
or a nephrotic sjmdrome, the predominant abnonnahty may be 
protemuna or severe Limatuna or tubular inability to control 
electrolyte excretion The blood pressure lends to nse after the renal 
symptoms have appeared, and may continue to rise until there is 
malignant hypertension The disease is more common in men than 
women and is more easily diagnosed in the >ouQg tlian m tlic elderly 

Acute renal failure occurs if tlicrc are extensive nccroUc lesions in 
the glomeruli, while protemuna, chronic renal failure and severe 
hypertension arc more likely if the lesions arc m the small and medium 
sized artenes and there arc multiple infarcts 

One of the most frequent ways in vvhicli renal polyaitcntis presents 
IS os an acute nephntic syndrome Tor a few wcclu Uic diagnosis is 
usually confused with acute glomerular ncplmtis, but eventually the 
slow rate of recovery, or Uie stormy course of the syndrome, together 
witli the appearance of some other non renal clmical feature of poly 
artcntis nodosa, suggests the proper diagnosis There may be attacks 
of severe unexplamed central abdominal pain, fever, tachycardia, 
Icucocytosis and eosinopluha, pcnpheral ncuntis, pulmonary symptoms 
and radiological opacities m the lungs skm rashes and n^ules, or 
muscle pains and tenderness The most charactenstic features of 
active renal poljartentis are (1) recurrent, irregularly spaced, sharp 
attacks, of unremiltmg undated lorn pain of sudden onset, usually 
lasting for less than an hour, and followed by an mcreased rate of red 
cell excretion in the unne, these probably occur at the moment of, or 
shortly after, the formation of small renal infarcts, occasionally the 
pain radiates to, or may be situattti entirely in, the flanks and front of 
the abdomen, and (2) long conUnued eiccretion of fluctuating quantities 
of macroscopic h^matuna 

Finally the abihty of the kidney to concentrate the unne is often 
impaired to a far greater extent than is the glomerular filtration rate 
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Course and Prognosis 

Before the use of cortisone the majority of cases of renal poly¬ 
arteritis nodosa died of renal failure or hypertensive cardiac failure 
within one or two years of the onset of the disease; the prognosis today 
is only a Httle better. 

The natural clinical course is often one of remissions and relapses, 
and occasionally evidence of such fluctuations can be found at autopsy, 
when both healed and active lesions of polyarteritis are seen. At any 
moment acute activity may cease. Ultimate recovery then depends on 
the extent of the vascular lesions, for healed lesions may continue to 
produce harmful effects, such as malignant hypertension or chronic 
renal failure. 

Death may occur from lesions in other sites, but renal failure is the 
commonest cause of death in polyarteritis. Many cases develop renal 
failure fairly rapidly and die within a few months; those who begin 
with acute renal failure die within a few days. 

Nevertheless some cases do recover; their number is not known, 
for unless there is positive histological evidence the diagnosis is un¬ 
certain, and it is obvious that such evidence is obtained less often in 
those patients who recover than in those who succumb. 

Differential Diagnosis 

Syphihs used to be known as " the great imitator ” because of its 
abflity to mimic so many other diseases. Now that advanced syphilis 
is rarely seen, this title might well be transferred to polyarteritis nodosa. 

The renal disturbances caused by polyarteritis may suggest almost 
any form of renal disease. Unfortimately renal biopsy is not of much 
help in diagnosis, for unless a necrosed arteriole or artery is seen, 
surrounded by an intense inflammatory reaction, the diagnosis remains 
in doubt; and the chance of finding such a lesion in the small amount 
of tissue removed by biopsy is remote. The other renal histological 
features of polyarteritis may also appear in glomerular nephritis, lupus 
erythematosus, “ embolic nephritis,” mahgnant hypertension, and 
anaphylactoid purpura. 

A useful clinical point in difficult cases is the presence of fever, 
however mild it may be. If blood cultures are negative, there are no 
lupus erythematosus cells or autinuclear factor in the peripheral blood, 
and the urine is sterile, renal disease associated with a pyrexia is 
probably due to polyarteritis nodosa. When polyarteritis is responsible 
for a nephrotic syndrome it is characteristic that the 24-hour urinary 
excretion of protein and the decrease in plasma proteins is more 
moderate than the extent of the oedema would suggest. Intermittent 
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cardiac failure of uncertain origin and assoaated with only mild 
hypertension is another tenuous mdicatton of polyarteritis 

Treatment 

Adrenal steroids and ACTH are the only efiective means of treat* 
ment They often produce a remarkable and immediate remission of 
the acute symptoms, and m some cases they mdubitably prolong hfe 
The dose should be large (e g 40-100 mg prednisone per day), and it is 
essential that once a favourable effect has been produced the quantity 
should be contmued umnterruptedly at a high level If the dose 
of adrenal steroid is lowered too rapidly there is often a relapse 
of symptoms, which for some inexphcable reason then no longer 
respond to adrenal steroids, or only do so when they are given m very 
large and potentially dangerous amounts (150 mg of prednisone per 
day) Treatment with adrenal steroids should be contmued for at 
least a year, the dose being lowered veiy gradually at monthly mtervals 
dunng that tune (e g by 1-2 mg each month), if signs of activity 
persist treatment should be contmued for longer 

The comphcations of adrenal steroid therapy have been mentioned 
(p 136) The most important nsk m the treatment of polyarteritis 
nodosa is retention and accumulation of salt and Nvater, which may 
precipitate cardiac failure or a further use m blood pressure Initially 
therefore it is essential to measure the patient's weight and blood 
pressure and observe his jugular venous pressure each day If necessary 
salt and water retention can be controll^ by diuretics, and if the blood 
pressure begms to nse it should be lowered by hypotensive drugs 
In some cases m which the blood pressure is very high at the onset it 
may be advisable for it to be lowered before begmnmg treatment with 
adrenal steroids 


RENAL LUPUS ERYTHEfUATOSUS 

Systematised lupus erythematosus resembles polyartentis nodosa 
m that it also produces generalised disturbances and affects a wide 
variety of organs The jetiology of lupus erythematosus is unknown, 
it IS highly probable that it is another fonn of abnormal antigen- 
antibody response Agam gamma globulins and complement can be 
found fixed m the glomerular capillary ivalls 

Pathology 

Systematised lupus erythematosusmay occur without any structural 
abnormality evident m the kidneys Patients with renal lesions may be 
divided mto two groups, some who only have mild focal glomerular 
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lesions,‘and 'the others who have haore extensive glomerular lesions 
together with changes in the interstitial spaces and the tubules.* 

The glomerular lesions include all those changes found in glomerular 
nephritis; proliferation, “ membranous ”, focal depositions of muco¬ 
polysaccharide and collagen, capsular crescents, and focal necrosis. 
The most characteristic lesion in the group in whom the renal changes 
only affect the glomeruli consists of scattered areas of endothelial 
prohferation of the glomerular tufts with focal thickening of capillary 
walls. On electron microscopy these areas may show focal areas of 
gross thickening of the basement membrane. During an acute flare-up 



Fig. 20.7. Disseminated lupus erythematosus. Schema of a glomerulus in 
renal lupus erythematosus. The diagram accentuates the focal nature of 
the lesions and that these consist of necrosis (in the centre), and cellular 
hyperplasia together with gross thickening of the walls of a few capillaries 
(both in the lower right quadrant), 

of the disease cellular proliferation increases and there are focal patches 
of degeneration and necrosis. In some of these " hematoxylin ” bodies 
may be found. These bodies represent breakdown products from 
disintegrating nuclei circulating in the peripheral blood; they appear 
as smudged hematoxylin-staining areas of varying size. 

Acute exacerbations are also accompanied by focal changes affecting 
the whole of one or several contiguous glomerular capillary loops. 
The walls of these capfllaries show such a gross thickening that they are 
sometimes kno\vn as ‘ wire loop ” lesions. This term is misleading, 
for it contains the implication that the thickening of the capillary walls 

* The term lupus glomerulitis is sometimes used to denote changes in the first group, 
and lupus glomerulonephritis the changes in the second. 
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that occurs in renal lupus erythematosus is easily distinguished from 
that which occurs m other conditions, which is not true The thirVpni n g 
IS due to non specific changes whidi include (1) a granular disruption 
of the basement membrane, (2) an increase m basement membrane 
matenal, and (3) deposition of collagen The only features charactenstic 
of lupus erythematosus are that the width and granularity of the 
capillary walls arc occasionally very pronounced, and that these gross 
changes may be found m one part of the glomerulus, while the other 
parts are relatively normal (Fig 20 7) Ev«i these vague distinctions 
however, are becommg less useful, for after the administration of 
prednisone they occur much less frequently 

The tubular and mterstitial changes are the same as those found in a 
wide variety of renal diseases The tubules become separated from 
each other by a structureless matenal in which there are focal collections 
of inflammatory cells The tubules show vanous changes indudmg 
focal necrosis, atrophy and dilatation 

Death from renal failure may take place before there has been 
much disintegration and absoiption of nephrons In such cases the 
kidneys macroscopically arc of normal size or enlarged, while histo¬ 
logically there is a stnl^g proliferation of both the glomerular capsule 
and the tufts, tluckcnmg and granulanty of the capillary walls, 
exudates, hicmorrbagcs. and even necrosis in the tufts If on ^e other 
hand, the changes have occurred more slowly, particularly when they 
have been retarded by prednisone, the kidneys will be smaller and the 
histological changes will resemble more closely those of advanced 
glomerular nephntis 

Vascular changes may not be particularly pronounced, though 
sometimes the lesions of pofyartcntis nodosa, or fibnnoid necrosis of 
arterioles, may be present 

Cliiucal Features 

Renal lupus erythematosus presents as protemuna, a nephrotic 
syndrome, chronic renal failure or occasionally as an acute nephritic 
syndrome 

Prot€inua& and a nephrotic syitdrowe are the two most /request 
presentations Usually the coired du^osis is not made until some 
other more characteristic features of lupus erytliematosus become 
manifest, e g skm lesions, fever, pleural effusion, pericarditis, arthritis, 
leucopema, high erythrocyte sedimentation rate, and " L E " cells in 
the blood or bone marrow or antmuclear factor m the blood 
Sometimes a patient may develop a neplirotic syndrome without a 
raised blood cholesterol 

By the time chronic renal failure occurs the diagnosis is usually less 
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difficult. It is diaracteristic that the blood pressure rises less frequently 
and much later than in other causes of renal failure, and that malignant 
hypertension is exceptional. 

The disease is more common in women than in men. 

Relation Between the Clinical and Structural Features 

In keeping with most other renal diseases there is little correlation 
between the clinical picture and the histological changes, except that 
when there is some degree of renal failure there are lesions in the 
interstitium and tubules as well as in the glomeruh. But in the absence 
of renal failure, proteinuria may be present with either no histological 
abnormality, or with weU defined lesions in both the glomeruli, and the 
interstitial space and the tubules. 

Course and Prognosis 

Follow-up studies with serial renal biopsies have shown that it is 
most unusual for patients with systematised lupus erythematosus who 
initially have no renal lesions to develop such lesions at a later date. 
Similarly, it is uncommon for a patient whose renal lesions are confined 
to the glomeruli to develop tubular and interstitial lesions subsequently, 
though it can happen. 

The prognosis in patients who have no renal lesions or in whom 
these lesions are limited to the glomeruli is much better than in those 
in whom the lesions extend into the interstitial space and tubules. 
Persistent hypertension or renal failure with blood ureas greater than 
100 mg./lOO ml. also carries a poor prognosis, death occurring within 
a few years. Transient rises in blood pressure, however, during acute 
exacerbations of D.L.E. are not important. Patients with a nephrotic 
syndrome have a variable prognosis, some dying within one year while 
others have survived for up to 10 years. 

In the absence of hypertension or renal failure, pregnancy does not 
appear to influence the progress of the disease. 

Differential Diagnosis 

The most diagnostic features of lupus erythematosus are the skin 
lesions, the presence of " L.E.” cells in the blood and bone marrow 
and the presence of antinuclear factor in the blood. Without these 
it may be impossible to distinguish with certainty renal lupus 
erythematosus from other causes of renal disorder. 

The conditions most likely to be confused with renal lupus 
erythematosus are renal polyarteritis nodosa, the nephrotic stage of 
glomerular nephritis and bacterial endocarditis. 
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Treatment 

During an acute exacerbation of D L E in which there are large 
numbers of red cells m the unne, detenorating renal function and 
lesions m the tubules and the interstitial space as \s eU as m the glomeruh 
it is essential to give large quantities of steroids over a prolonged penod, 
eg 40-60 mg /^y for six months gradually reducing to 15 mg /day 
thereafter This will increase survival and reverse the structural lesions 

It is doubtful if there is any need to give steroids if the patient is 
symptomless and the lesions are confined to the glomeruh Treatment 
of the nephrotic syndrome ivith steroids is uncertam but can be tned, 
while the results witli cytotoxic drugs or chloroqume have been 
eqmvocal 

It IS important m all patients with D L E to try and avoid factors 
which may cause an acute exacerbation of the process, e g sunbathing 
drugs such as penicilhn, certam cosmetics hair dyes and certain house¬ 
hold and garden chemicals 

RENAL DISTURBANCES IN SUB-ACUTE BACTERIAL 
ENDOCARDITIS 

Renal disease due to sub acute bactenal endocarditis is also called 
" embolic " nephritis, on the assumption that the disturbance is due to 
multiple renal emboh There is, houever. considerable doubt about this 
assumption, for 

1 The lesions are rarely seen until the infection has been present 
for at least six weeks 

2 Bactena are almost never found in the kidney 

3 When they are found it can be seen that the lesions they have 
provoked to not resemble the majonty of the lesions which are present 
and which do not contain bactena 

4 In some instances there are large numbers of lesions in the 
kidney, and feiv m other parts of the body 

5 The typical renal lesions can be produced expenmentally as a 
feature of an abnormal antigen antibody response 

6 Foreign particles m3ected mto the circulation may embohse m 
tlie kidney but do not produce the charsctenstic Jeatios found jji 
sub-acute bactenal endocarditis 

These pomts suggest that the renal lesions m sub-acute bactenal 
endocarditis may be due pnncipally to an abnormal antigen antibody 
response to the organism responsible for the infection m the heart 

Pathology 

Macroscopically the kidney may appear normal, but if a considerable 
number of glomeruli are undergoing acute changes it may be swollen 
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and covered with numerous petechial hsemorrhages, as in acute 
glomerular nephritis, malignant hypertension and diffuse lupus 
erythematosus. 

The characteristic microscopical lesion is an area of acute necrosis 
of a part (Fig. 20.8) or the whole of a glomerulus, surrounded by 
varying quantities of acute inflammatory cells, and in the midst of 
which there may be intracapillary thrombi. Occasionally there may also 
be arteriolar necrosis of afferent arterioles. These lesions are usually 
scattered in widely separated glomeruli, but they are sometimes 
present in the majority. They are identical to the changes seen in the 



Fig. 20.8. Sub-acute bacterial endocarditis (embolic nephritis). Schema of 
the characteristic focal necrotic lesion in a glomerulus. 


glomeruli and afferent arterioles in polyarteritis nodosa; the difference 
between the two conditions being that in bacterial endocarditis the 
small and medium-sized arteries are not affected. 

Following this acute stage the glomerular lesions become round 
structureless masses of eosin staining material and eventually become 
fibrosed. Characteristically these circular collections can be seen 
within otherwise normal glomeruli. 

Patients who have died from renal failure usually show, in addition, 
the lesions of acute or persistent glomerular nephritis. 

Clinical Features 

Frequently the patient is thought, or known to be suffering from 
sub-acute bacterial endocarditis, and routine examination of the urine 
shows occasional showers of red cells, or frank hsematuria; such 
findings then help to establish the correct diagnosis. 
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Sometunes the diagnosis of endocarditis has not been considered or 
has been rejected because pyrexia and cardiac murmurs have been 
absent, or repeated blood cultures have been stenie In these patients 
the significance of the protemuna and the excretion of a few red cells 
may not be properly appreciated This occurs particularly m the 
elderly, who may then develop fatal renal failure 

In early cases treatment of the infection successfully prevents the 
further development of renal disturbances, but m cases with advanced 
renal failure such treatment is unhhely to save life. 

Diagnosis 

A positive blood culture settles the diagnosis 

When blood cultures are sterile, a renal biopsy may be helpful 

Treatment 

This consists m identifying the orgaiusm, determining its sensitivity 
to vanous antibiotics and then giving the appropriate one m suitable 
doses for a penod of six weeks or longer, depending on when the blood 
cultures become stenie 

RENAL DISTURBANCES IN ANAPHYLACTOID PURPURA 

Anaphylactoid purpura (the Schonlem Henoch syndrome) is 
characterised by a purpunc rash, abdommal pains polyarthritis and 
hasmatuna, these usually occur in the young and follow a well- 
recogmsed mfection such as tonsilhtis, or occasionally they may be 
preapitated by the mgestion or administration of some substance to 
which the patient is subsequently found to be sensitive, e g tomatoes 

The aetiology of this syndrome is considered to be an abnormal 
antigen antibody response 

Pathology 

There does not appear to be any characteristic lesion The ap¬ 
pearances m advanced cases are the same as those found m acute or 
rapidly progressive glomerular nephnlis There is pronounced cellular 
proliferation m the glomeruli both of the tufts and the capsules, focal 
collections of chrome inflammatoiy cells in the mterstitial tissues, 
particularly around abnormal glomeruli, and glomerular fibrosis and 
tubular atrophy 

Chmcal Features 

About 10-20 per cent of all cases of anaphylactoid purpura have 
hccmatuna and protemuna, an acute nephritic syndrome may also be 
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present. In the majority of these cases there is subsequently a rapid 
and complete recovery, while a few continue to excrete protein and red 
cells. In most of these proteinuria eventually disappears, but in the 
remainder it persists, chronic renal failure develops, and death occurs 
in one to five years. Recurrent attacks of macroscopical haematuiia 
are a characteristic feature of this last group; they may also develop 
transient acute nephritic syndromes, and on occasion a nephrotic 
syndrome. 

Approximately 10 per cent of those who have hasmaturia and 
proteinuria at the onset of an attack of anaphylactoid purpura die of 
chronic renal failure subsequently. 

Treatment 

It is doubtful if any treatment influences the course of the renal 
lesions; nevertheless, it is reasonable in the acute attack to treat any 
residual infection with antibiotics. In some instances it may be 
necessary to give prophylactic penicillin when there are recurrent 
relapses due to /3-haemolytic streptococcal infections. 

Treatment of the advanced renal disturbances is unrewarding, 
though occasionally a patient may respond dramatically to ACTH or 
adrenal steroids; there are even some reports of complete cure. More 
often, however, adrenal steroids only produce a rapid rise in blood 
pressure, jugular venous pressure and blood urea, and treatment must 
be discontinued. 

There have been claims, particularly by paediatricians, that the 
administration of cytotoxic drugs is beneficial and life saving. Again 
these observations are uncontrolled. 


LUNG PURPURA WITH NEPHRITIS 

This is a devastating condition first described by Goodpasture and 
sometimes known as Goodpasture’s syndrome. It is a rare condition 
which occurs particularly in young men between the ages of 18 and 
26 years, and is most often seen during an influenzal pandemic. 
Following an upper respiratory or gastric type of influenzal illness 
there is a sudden onset of profuse haemoptysis which lowers the 
haemoglobin within a few days. Serial chest X-rays demonstrate the 
presence of fluctuating pulmonary shadows due to blood in the pul¬ 
monary alveoli. The presence of glomerular nephritis is usually detected 
a few days after the onset of the haemoptysis. There is proteinuria, 
hematuria, and renal failure. Death usually occurs within a few 
months from renal failure; occasionally there is acute renal failure. 
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At post-mortem the kidneys show the structural changes of 
prohferative glomerular nephntis. The lungs contain collections of 
hffimosidenn m the alveoh and alveolar walls, wth many histiocytes, 
both these changes are presumably consequent upon the hiemorrhage 
There is no other histological abnormahty so that the cause of the 
haemoptysis remains a mystery. 
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ORTHOSTATIC PROTEINURIA 

This benign condition is also called postural proteinuria. It 
consists of the excretion of protein in the urine only when the patient 
is in certain positions. 

.iEtiology 

Proteinuria can be produced in 75 per cent of youths if they are 
placed in extreme lordosis; with increasing age the proportion 
gradually dwindles and, of men over 50, only 10 per cent will have 
proteinuria in this position. 

It has been demonstrated that in the lordotic position the liver in 
these persons rotates forwards and downwards thus kinking the 
inferior vena cava. As a result there is a rise in the pressure within the 
inferior vena cava and renal veins, and protein appears in the urine. 

If, however, the patient stands in the lordotic position but the liver 
is prevented from shdmg forward by firm digital restraint under the 
right costal margin, the inferior vena caval pressure does not rise and 
there is no proteinuria. In bed, the lordosis of the upright position 
disappears and again there is no proteinuria, though it can be made to 
reappear by purposely assuming the lordotic position. Conversely, 
proteinuria wiU not appear in the upright posture if the patient remains 
bent forward. 

Renal Function 

Excluding the proteinuria renal function is normal. 

Clinical Features 

Orthostatic proteinuria occurs most frequently in children, adoles¬ 
cents and young adults. It has been reported in 12—40 per cent of 
children aged 10-16 years; and it is claimed that this proportion is 
greater if the urine is examined at frequent intervals. Orthostatic 
proteinuria occurs in about 5 per cent of young adults. 

The presence of protein in the urine is usually detected during a 
routine examination on going to school or university, or on entering 
the services. Occasionally it is noted as an incidental finding during 
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an illness which is unrelated to the kidney If many unne samples are 
tested It IS found that protein is preset throughout the day, except m 
the first sample passed in the morrmig The concentration of protein 
rarely exceeds +-1- and is usually + or less, the daily excretion is 
seldom more than 2-3 g It is not unusual to find protein on some days 
and not on others Orthostatic protemuna is of no importance, it doe* 
not influence the patient's health or the functional capacity of his 
kidneys The majonty of patients lose their protemuna as they 
become older though it may contmue for 10-30 years 

For routine purposes orthostabc protemuna is distinguished from 
persistent protemuna by askmg the patient to empty his bladder just 
before gomg to bed, and to keep for exaramation the unne he passes 
next morning immediately he gets up This test can be combined 
with a 10- to 2-i-hour fluid depnvation test, when the abihty to 
concentrate can be tested simultaneously 

Differential Diagnosis 

If protemuna can be made to disappear %Tith a change m posture 
it 15 almost certain that there is no ren;U disease Nevertheless it is also 
characteristic of the protemuna of renal disease that it is greater when 
the patient is up and about, and dummsbes upon lying down. On very 
race occasions the protemuna of renal disease may be altogether 
absent from the ucme formed during the night, when it is then 
indistinguishable from benign orthostabc protemuna These confusing 
cases usually declare themselves eventu^y, sometimes tliey can be 
differentiated carher by an examination of the unnary deposit 
Orthostatic protemuna should not be dismissed too hghtly when it 
occurs in a patient over 30 years old 

Treatment 

No treatment is necessary 


Protemuna Cram Non-goaococcal Urethntis 
Superficially, this appears to be a vanant of orthostatic protemuna, 
but m fact it has no direct relation to posture It is an important 
diagnostic trap The protemuna is present in the morning and dis¬ 
appears during the course of the day The condition is most commonly 
seen in young men Urethal massage m the morning, before any unne 
has been excreted, and examination of tlie contents of the uretlira 
establishes the diagnosis The two glass test is aUo a useful screening 
test 
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RENAL INFECTIONS 

Infections of the kidney can be divided into those due to the 
tubercle bacillus and those due to other organisms, only the latter are 
described below The outstanding features about pydonephntis are 
the immense diagnostic difficulties, the lack of precise knouledge of 
the natural history of the condition and how it should be treated 

INTERSTITIAL NEPHRITIS, RENAL INFECTIONS 
AND PHENACEHN NEPHROPATHY 
Intersbtial nephntis means mdammation of the interstitial spaces 
It IS a structural abnonnahty which accompanies most renal diseases 
Unfortunately, the \Nords mvolved m descnbmg this disturbance, 
and the disturbance itself have been the cause of much confusion 
It is obvious that mdammation of the interstitial spaces must be due 
to some cause The semantic tradition which lingers on honever, 
reserves the term mterstitial nephntis mainly for those kidneys m 
which the cause of the infiammation is not known For mstance, 
though the immunological diseases of the kidney are usually associated 
with inflammation of the interstitial spaces the cbaractensitic changes 
in the gloroeruh permit the overall changes to be defined as those due 
most probably to an immunological disturbance The mterstitial 
changes are then either not mentioned specifically or referred to as an 
accompanying " mflammation of the mterstitial spaces *’ In the same 
way the term mtemtitial nephntis is not used if an infiammation 
of the mterstitial spaces is found m assoaation with widespread 
deposits of calcium or collections of urate crystals, when the appearances 
are desenbed as those of nephrocalonosis and "gouty" nephropathy 
respectiv^y AdditJonaJ causes of mfiammafaoa of the interstitial 
spaces include bactenal and spirochaetal mfections, partial occlusions 
of the renal vasculature ivitb or ivithout hypertension, prolonged 
phenacetm admmistration, radiation nephntis, oxalosis, potassium 
defiaeniy, back pressure from obstruction to urme flow and lead poi- 
sonmg Many of these, particularly if only a biopsy sample is available 
often show changes whidi are simply those of infiammation of the mter 
stitial spaces and they cannot be distinguished one from another 
histologically. 

r-c 
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That inflamm ation of the interstitial spaces must be due to some 
underlying cause, even when it cannot be discerned, preys heavily 
upon those who examine the structural appearances of the kidneys. 
They are inevitably tempted to ascribe causes when none are evident 
histologically. Their choice is then influenced by the clinical history, 
the blood pressure, the biochemical findings, the urine culture etc. 
Instead of reporting simply that the histological appearances are those 
of inflammation of the interstitial spaces of unknown cause, the 
histological changes are said to be due to ischaemia, infection, gout etc. 
This has inevitably given rise to the false impression that the various 
causes of interstitial inflammation can easily be d if ferentiated histo¬ 
logically from each other, and that interstitial nephritis, i.e. 
inflammation of the interstitial space of unknown cause, is a most 
unusual condition. This self deception has been particularly prominent 
in English speaking countries where many authorities simply equate 
" interstitial nephritis ” i.e. inflammation of the interstitial spaces of 
unknown cause, with pyelonephritis, i.e. inflammation of the inter¬ 
stitial spaces due to infection. This manoeuvre neatly avoids the term 
interstitial nephritis and its connotation that the histologist can some¬ 
times be baffled. It has been responsible for the ludicrous disparity 
between the various estimates of the incidence of renal infection in 
kidneys examined at autopsy (from 10 to 80 per cent!). 

The following section is- concerned with renal infection, and the 
excess ingestion of phenacetin, two causes of inflammation of the 
interstitial spaces which are often particularly difficult to distinguish 
histologically from other conditions which produce inflammatory 
changes in the interstitium. 


ACUTE PYELONEPHRITIS 
Including Acute Pyelitis and Acute Necrotising Papillitis 

/Etiology 

A wide variety of organisms may cause pyelonephritis; those 
found most frequently are Escherichia coli, Klebsiella pneumonia, 
Pseudomonas pyocyaneus. Staphylococcus aureus, Proteus vulgaris and 
Streptococcus fcscalis. 

The majority of infections are associated with obstruction or 
deformation of the urinary tract; these cause a rise in pressure, and 
possibly a slowing in the rate of urine flow in those parts which lie 
proxirnal to the obstruction. About a third of infections, however, 
occur in kidneys with normal urinary tracts, nearly always in women. 
A few infections occur during a widespread and easily recognised 
dissemination of organisms from a primary focus, such as malignant 
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endocarditis, osteomyelitis, empyema, etc ; the renal lesion thus 
caused is sometimes knoivn as a *' pyasnuc kidney ” but, as it is 
indistmguishable from severe acute pjdonephntis from other causes, 
it is mduded here. One of the commonest causes for such a bactenemia 
IS the introduction of a catheter, or cystoscope mto a bladder con- 
tainmg infected unne 

Lesions which obstruct the unnaiy tract include certain ab¬ 
normalities of the renal parenchyma which deform the calyces, such 
as hypoplasia, polycystic kidneys, and scamng from previous mfections 
(mcludmg tuberculosis) Other causes are congenital abnonnalities of 
pelvis, ureter and urethra, aberrant renal artenes, renal and uretenc 
calculi, pregnancy, “ neurogemc bladders", pelvic tumours, pro¬ 
static enlargement and urethral stnctures Calculi and pregnancy are 
the two most frequent causes 

Infections frequently comphcate other parenchymal renal diseases, 
for instance, acute pyelonephntis may develop in a patient knoivn to be 
suffering from renal polyartentis nodosa In this connection it is m- 
terestmg to note that animal experiments have shown that the intra¬ 
venous administration of large numbers of Gram negative organisms 
only causes acute pyelonephritis ti the ureters are temporanly occluded 
or the kidneys are ^eady scarred from previous infections 1 1 bos also 
been shown m animals that an mcreased susceptibihty to infection can 
be produced by a period of potassium deficiency or hypertension The 
relation to hypertension is of immense significance. 

The infecting organism may be conveyed to the kidney m (1) the 
blood stream, (2) the unne, from the bladder up to the lumen of the 
ureters, or (3) the lymphatics alongside the ureters Observations m 
human infection suggest that the organisms nearly always travel up 
the ureters Acute upper unnaiy mfections m previously normal 
kidneys occur predominantly m women whose unne has contamed 
large numbers of oigamsms for considerable penods before the onset 
of symptoms There is no doubt, however, that a transient bao 
ter$mia can also cause pyelonephntis Occasionally (e g after routme 
cathetensatioa) the two mechanisms occur together, the bladder 
unne is first infected by the catheter, the organisms then multiply m 
the bladder and after an interval there is a simultaneous bactenemia 
and acute pyelonephntis In animal experiments organisms have been 
introduced mto the bladder after tymg one ureter It has been found 
that the kidney with a patent ureter becomes infected while the other 
kidney remains intact, unless there is an associated bacteramua The 
lesions m both human and animal infecbons are often most pronounced 
in the medulla In it has been shown that the medulla’s abihty 

to restrain bactenal growth is relatively poor This is due to the hyper- 
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tonicity of the medulla which inhibits (i) the natural bactericidal 
activity of plasma, (ii) the mobilisation of white cells towards an injured 
area, and (iii) the phagocytic capacity of the white cells. 

In a large proportion of cases the bacteria having ascended the 
ureter and invaded the highly vascular parenchyma, then spill into the 
blood and cause a septicaemia. In many more instances the bacterial 
invasion of the renal parenchyma is associated only with a rise in serum 
antibody titre to the infecting organism. This response is useful 
diagnostically particularly on those occasions when it is difficult to 
decide whetW the organisms found in the urine have or have not 
recently invaded the renal parenchyma. 


LinncBan and other Names of some of the Organisms which cause Urinary 

Infections* 


LiNNjEAN Name 


Other Names 


Comment 


Escherichia coli 
Staphylococcus aureus 
Klebsiella pneumooias 

Pseudomonas pyocyanea 

Proteus vulgaris 
Streptococcus fecalis 

Haemophilus influenzas 


B. coli 

Staph, pyogenes 

Friedlander’s 
bacillus 
jErobacter 
ffirogenes 
B. pyocyaneus 
Ps. aeruginosa 
B. proteus 
Enterococci 

B. influenzae 
PfeiSer’s bacillus 


The most frequent cause of acute 
urinary infections. 

Second most frequent cause of acute 
urinary infections. 

Usually in mixed infections and 
when there are structural defor¬ 
mities of the urina^ tract. 

Frequently after antibiotic therapy 
and indwelling catheter. 


Often follows catheterisation in 
women. 

Rarely found. 


* Hare, R. (1956). An Outline of Bacteriology and Immunity. Longmans, Green & 
Co., London, 


Examination of the Urine for Evidence of Infection and Inflammation 

The urine is cultured (see below) and examined microscopically for 
the presence of excess numbers of white cells. It is important to realise 
that a positive culture is evidence of infection, but not of inflam¬ 
mation, whereas an increased number of white cells is evidence of 
inflammation but not of infective inflammation. The two investigations 
are therefore complementary. 

Urine Culture. It is no longer justifiable to catheterise the bladder 
to obtain urine for culture. Without a catheter however, some con¬ 
tamination of the urine by organisms which reside in the urethra or 
the vulva must often occur. It is imperative therefore that urine cultures 
should be quantitated for it is then possible to distinguish whether the 
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organisms found m the urme are likely to be contaminants or whether 
they were present and mulhidymg m the bladder before micturition 
If the unne is carefvUy collected (see below) and either cultured 
immediately or kept cold imtil it is cultured, then a bacterial count 
greater than 100,000/mI has an 85 per cent probabihty of bemg due 
to true infection of the urme, a count of Jess than 10 000/ml is due to 
contammation Two consecutive cultures with counts greater than 
100,000/mL mcrease the probabihty that there is an mfection to 09 per 
cent In a VrcU run establishment counts between 10 000/ml and 
100,000/ml should occur m less than 10 per cent of all unne cultures 



Fic 22 1 EouUne unne culture report of growUi &iid no growth 
compared tith the number or orgamsms found on quutitative culture. 
Each dot represents one unne The interrupted bonzonUl line at 10 000 
orgamsms/im and the coohouous faomoatal line at ZOO ODO/m) The 
block oi dots at the bottom of the Fig represent counts of from less than 
100/mL to 2 000/ml and at the top of the Fig the block mdicates counts 
greater than 10 000 000/m! (Bradley and LitUe 1063 Bnl meJ J) 

If they occur more frequently the unne is not bemg collected with 
suffiaent care When the count is between 10 000/ml and 100 000/ml 
It should he repeated Pure coltures ‘witii oniy one type oi oTganism 
support the probabihty that the organisms are multiplying m the 
bladder but only if the count is greater than 100,000/mI I^e cultures 
with counts bdow lO.OOO/ml have no sigmhcance These mterpre- 
tations of the significance of quantitative hactenal cultures do not 
hold if the patient is on antibiotics The uselessness oi cultunng the 
urme m a non-quantitative mannar is well illustrated m Fig 22 1 
where a nonsjuantitative and a quantitative techmque are compared 
It can be seen that a report oL growth' from a non-quantitative 
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culture gives no indication whether the urine is infected or 
contaminated. 

Urine is collected from a woman after swabbing the perineum 
with benzalkonium chloride 1/1,000, The labia are then held open 
and the patient is asked to micturate. The whole volume of urine is 
collected, the first 10-50 ml. into one container and the remainder into 
a wide-mouthed autoclaved honey jar. Urine is obtained from a man 
in a similar way, after cleaning the urethral meatus with benzalkonium 
chloride 1/1,000. The urine in the autoclaved jar is cultured. If .it is 
impossible to obtain a satisfactory sample of urine in this way either 
because of the patient’s inability to co-operate or because it is difficult 
to prevent gross contamination, then it is permissible to pass a catheter 
into the bladder via the urethra. When a urine sample has been 
obtained in this way, 20 ml. of a 1 per cent solution of neomycin is 
injected into the bladder and left in situ just before withdrawing the 
catheter. In such patients suprapubic aspiration of urine from a full 
bladder is a useful alternative. This technique is also of use in 
distinguishing between contamination and infection when mid-stream 
urine samples from a patient repeatedly give bacterial counts between 
10,000/ml. and 100,000/ml. 

There are a variety of ways to perform quantitative cultures. For 
routine purposes it is only necessary to distinguish whether the count 
is greater than 100,000/ral. or less than 10,000/ml. Culturing the urine 
not only establishes whether or not the urine is infected but by typing 
the organisms it is often possible to judge whether the infection is 
due to a relapse of a previous inadequately treated infection or due to 
a reinfection. It also permits the sensitivity of the organism to various 
antibiotics to be established. 

Examination of the Urine for Inflammation. The presence of an 
area of inflammation contiguous with the renal tract may be made 
manifest by the release of leucocytes into the urine. The methods 
used to determine the white cell content of the urine accurately are 
described on p. 33. It is necessary to mention that some reactionary 
routine laboratories refuse to culture a urine uiiless it contains more 
than a normal number of white cells. Conversely some clinicians are 
apt to ignore a positive urine culture if the number of white cells in 
the urine is not raised. Both practices are to be deplored. It is now 
well established that the urine may be heavily infected without its 
content of white cells being raised, particularly in patients with 
chronic pyelonephritis and symptomless bacteruria. In addition it 
cannot be stressed too often that the presence of an excess number of 
white cells in the urine is only evidence of inflammation. It does not 
follow automatically that this inflammation is due to infection with 
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pyogenic organisms '* Sterile ” pyuna classically occurs m renal 
tubwculosis ^vhen it is strictly mnaccurate to say that the unne is 
stenle It also occurs m many otlier conditions mcluding acute 
glomerular nephritis, renal stones, and phenacetm nephropathy Of 
course it can also occur follo\ving an active renal mfection with pyogemc 
organisms, for instance dunng recovery from an attack of acute 
pjelonephntis treated with antibiotics 

Sometimes the presence of an active inflammatory focus m tlie 
renal tract is not accompamed by an excess number of white cells in 



11C 23 2 White cell excretioa rate before and alter the admimstratioa ol 
40 nig prednisolone pho^hate intravenously to 25 pabents with ladio- 
logii^ evidence ol chronic pyelonephritis but in uhom the unne uas 
uniniccted and the lytute cdl content of the unne was normal In about 
half of the pabents there irasa bnskriseta white cell excrebon to a rate 
above 400 000/hr indicating that thoagh these pabents unne was normal 
before the prednisolone tnjeeboo an acbve focus of inflommabon was sbll 
presentadiouungthelumenoftherenaltroct (LitUe 190o J thn Path) 


the unne If, nevertheless, it is suspected that such a focus exists, its 
presence may be revealed by giving the patient 40 rag of prednisolone 
phosphate xatcarenously, whea there may bs a prompt mcrease m 
the number of white cells in tie unne ITus test is particularly useful 
in mvestigatmg patients who have been given antibiotics for a supposed 
attack of acute pyelonephntis before the urme has been examined 
hater when the patient feels better and the unne is stenle, and contains 
a normal number of white cdls the diagnosis of a recent unnary 
mfection may be difficult to uphold Hie predmsolone test is also 
useful m patients wath chronic renal mfections who appear to be in an 
mactive stage (Fig 22 2) It is not known how prednisolone produces 
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this effect. If the white cell excretion rate is raised without giving 
prednisolone there is clearly little point in doing a prednisolone test. 

Pathology 

The appearances of the kidneys depend largely on whether any 
underljdng renal deformity was present before the onset of the acute 
infection. The following descriptions only refer to changes produced 
by infection. They are divided into three groups depending on their 
severity; (1) Acute pyelitis; (2) acute pyelonephritis; and (3) acute 
necrotising papillitis. 

Acute Pyelitis. This is the term which pathologists give to an 
acute inflammation confined to the lining membrane of the renal 
pelvis, that is an infection which does not involve the renal parenchyma. 
At post-mortem such a limited distribution is found extremely rarely; 
it does not foUow that it is equally infrequent in life. It is usually 
bilateral. 

Acute Pyelonephritis. This is nearly always bilateral. Macro- 
scopicaUy the kidneys are usually enlarged and occasionally small 
abscesses show through the capsule. The surface may be discoloured 
by areas of pallor and congestion. On section, greyish wedge-shaped 
areas can be seen extending upwards from the pyramids into the cortex; 
there are also yellow streaks radiating from the medulla. The pelvis 
is red and covered with pus. 

The pelvis microscopically is covered with an inflammatory exudate 
which penetrates within the pelvic wall; sometimes there are also areas 
of superficial necrosis. The renal parenchymatous lesions are more 
numerous in the pyramids and medulla. The tubifles contain and are 
surrounded by leucocytes, though occasionally these are confined to 
the interstitial tissues. There are similar collections of neutrophils 
in the interstitial tissues of the cortex, in addition, some glomeruli 
become selectively invested by a thick concentration of acute inflam¬ 
matory cells. In a few, the capsule is breached and leucocytes can 
be seen invading the glomerular space. In some sites an inflammatory 
destruction of tubules may cause a crowding together of glomeruli 
which are then separated only by granulation tissue. A varying 
number of small abscesses may be disseminated throughout the renal 
parenchyma and, before the use of antibiotics, bacteria were also found 
in large numbers. 

The vascular lesions are of particular importance, and in this 
connection it should be recalled that the renal pelvis extends as far 
upwards as the cortico-meduUary junction (p. 5). It is not surprising, 
therefore, to find that sometimes the acute inflammatory process 
involves some of the larger arteries and veins. Dense infiltrations with 
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leucocytes may be localised m the artenal wall, leading to destruction 
of the muscle and elastic tissues, occasionally this process leads to 
occlusion of the lumen by a thrombus, and complete mfarction of 
wedge shaped areas of cortex Other lajg:e artenes may show moderate 
degrees of narrowmg of the artenal lumen by endartentis In the areas 
of acute inflammation thrombosis of artenoles is relatively frequent 

Acute NecroUst7ig Papillitis This consists of an acute pyelonephntis 
of such seventy that there is a focal suppurativ e necrosis of one or more 
renal p 5 Tamids The process begms at the apices of the pyramids and 
extends upwards into the medulla, but does not involve the cortex. 
Microscopically there is a dense purulent exudate throughout the 
affected area which is sharply demarcated from the viable parenchyma 

Clinical Features 

The sigiK and symptoms are those of an acute upper urinary 
infection There is a sudden onset of fever, pallor and ngors, with 
pam and tenderness m the loins and the flanks, and the presence in the 
unne of large numbers of white cells and bactena, proteinuna is rarely 
greater than a " trace ’* to + Frequently there is much nausea and 
vomitmg, and with severe attacks there may be gross macroscopical 
hsmatuna. If there is also mflamination of the lower unnaiy tract 
there iviU be frequency of micturition, dysuna and lower abdominal 
pam and tenderness The dmical features give no clue to the identity 
of the infectmg organism 

As it IS clmicaliy difficult, particularly at the onset, to differentiate 
between acute pyelitis and pyelonephntis, and as a substantial number 
of clinically mild cases may show mflanunatoiy lesions in the cortex 
(renal biopsy), it is best to consider that all upper urinary infections 
involve the renal parenchyma, i e that all sudi mfections are due to 
acute pyelonephntis 

The extent of the parenchymatous involvement depends mamly 
on the presence of unnary tract obstruction, the greater the obstruction 
the more extensive the mfection Such obstructions are often found 
m patients of either sex who have recurrent infection, they underhe 
most upper unnaiy infections that occur m men, whereas women 
mostly have recurrent infections without any abnormality of tile 
unnaiy tract. 

Renal function in upper unnaiy infections may be unaffected, 
or it may be so severely unpaired that the pabent dies from acute 
renal failure Charactenstically renal function returns to its previous 
level as the mfection subsides The magmtude of this transient 
impairment is probably of some value m assessing the amount of 
parenchyma that has been mvaded in the acute mflammatory process 
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Proper appraisal may be difficult if some degree of renal failure preceded 
the infection; at such times renal function should be re-examined a 
few weeks after the infection has been controlled. 

Acute Necrotising Papillitis. This occurs most often in elderly 
diabetics, most of whom have suffered from previous upper urinary 
infections. In addition to the usual features of a severe acute upper 
urinary infection, haematuria occurs frequently and, if the lesion is 
bilateral, there is a sudden reduction in urine flow, and the onset of 
acute renal failure. Sometimes pieces of necrosed papiUae appear in 
the urine. If the patient recovers, the loss of part of one or more 
papillae may be defined in an I.V.P. or retrograde pyelogram. 

Recently there have been reports of patients on continuous sul- 
phonamide therapy for chronic urinary infection who have developed 
renal colic or ureteric obstruction due to the necrosis of a papilla 
without any evidence of an associated acute infection. Necrosis of 
papillae also occurs in phenacetin nephropathy (p. 300). 

Relationship between Clinical and Structural Features. Renal biopsy 
studies have shown that in acute pyelonephritis there is a striking 
lack of correlation between the severity of the constitutional s}miptoms 
and impairment of renal function on the one hand, and histological 
appearances on the other. The main reason for this discrepancy is 
probably the focal nature of the disease. 

The most important observation is that severe acute pyelonephritic 
lesions of the cortex, with inflammatory cell replacement of the tubules, 
can be obtained from patients who, clinically, have suffered only from 
a mild “ pyelitis.” In one series such lesions were found in one quarter 
of a group of patients with clinical signs and symptoms of an acute 
upper urinary infection. As autopsy findings have shown that pyelo¬ 
nephritic lesions in general are focffi, and more advanced in the medulla, 
these findings suggest that nearly all patients with an upper urinary 
infection have destructive lesions of the cortex and medulla. 

It is interesting to note that it is unusual for these acute destructive 
lesions to be associated with any recognisable change in the intravenous 
pyelogram at the time of the infection. The abnormalities which may 
occur include a diminished density of the radio-opaque medium on the 
most affected side, localised renal swelling, and compression and 
elongation of one calyx. The difference in density is not a helpful 
finding, while the other two abnormalities are rare. 

Sequelae of Acute Pyelonephritis. If the pyelogram is repeated a 
few months to a few years later, changes will be evident, the nature of 
which will depend on the patient's age. In children, serial pyelograms 
often reveal the development of gross cortical scarruag with clubbing 
or distortion of one or more calyces. In adults, cortical scarring and 
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clubbing and distortion of calyces do not develop, but the kidneys 
show a reduction m their lengths of 0 B to 6 0 cm , \\hich confirms the 
renal biopsy findmgs that chmcal acute pyelonephntis m adults is 
usually assoaated ^vlth some destruction of tlie parenchyma. The 
radiological appearances of cortical scarrmg with distortion and club¬ 
bing of calyces are referred to as those of chronic pyelonephntis 
(p 292) They may be found for the first tune in children or adults 
who have never suffered from an overt attack of acute pyelonephntis 
It must be stressed that as these changes do not develop after cluldhood, 
they are always evidence of cluldhood renal mfcction 

It IS not clear why destruction of the renal parenchyma m children 
should be associated wath such marked overall structural cliangcs while 
m adults the overall effect is radiologically so mucli less pronounced 
TJiere is some evidence that acute pyelonephntis in cluldhood is a more 
destructive disease wluch may account for part of the difference In 
addition the distortion produced by those parts wluch have been 
destroyed may be accentuated by the continued growth of those parts 
wluch have escaped destruction 

Prognosis 

An acute mfection of the renal parenchyma may cause death, 
cither if It IS sufficiently extensive, or if it is superimposed upon pre¬ 
existing chronic renal disease (e g chrome pyeloncplmUs) 

Once the acute infection has been controlled, the nsk of /urtlicr 
attacks and the development of chrome pyelonephntis depends a great 
deal on whether or not there is permanent deformity of the renal tract 
or uretenc reflux (p 298) Ususdly such deformities precede mfections, 
but the changes produced m the renal parenchyma and pelvis by 
sufficiently severe or recurrent infections may themselves perpetuate 
the tendency to infection and the development of cliromc pj elonephntis 

It IS essential to remember that a patient suffermg from advanced 
renal failure secondary to an acute renal mfcction may rapidly rccov er 
once the infecbon is controlled, it is unwise, therefore, to give a 
prognosis during the acute phase of the infection 

Differential Diagnosis 

Tever, rgors, tenderness and pain in one or botli loins suggest, and 
the finding of pus and orgaiustns ra tlie unne confirm, the diagnosis 
Occasionally when local symptoms and signs are absent, the diagnosis 
only becomes apparent after a routine cxammation and culture of the 
unne The finding of a high serum antibody litre to the bactena 
present m the urmc is presumptive evndencc that the organisms have 
invaded the parcncliyma. An acute itnnary tn/ecUon should always be 
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kept in mind, when the patient is known to suffer from some other chronic 
parenchymal renal disease. 

It has been shown, by culturing organisms from renal biopsy 
material, that parenchymatous renal infections may occur without 
organisms appearing in the urine. The frequency of this condition is 
not known; the cases described had pyrexia of unknown origin, 
proteinuria and some mild impairment of renal function. 

Investigation of Underlying Urinary Tract Abnormality. The struc¬ 
tural integrity of the kidneys and of the urinary tract should be 
investigated following (1) any upper urinary infection occurring in a 
boy or a man, (2) a second infection in a woman, (3) a first infection 
in a woman if it is accompanied by renal colic, hsematuria, impaired 
renal function, or followed by persistent proteinuria or large numbers 
of white cells in the urine. Intravenous and retrograde pyelograms 
are usually sufficient, though occasionally arteriograms and even 
laparotomy may be needed. 

Treatment 

Prophylactic. If organisms are introduced into a normal bladder 
which can empty completely the bacteria are evacuated, persistent 
bacteruria does not develop and acute pyelonephritis is most unlikely 
to occur. On the other hand, if bacteria gain access to the bladder of 
any individual who suffers from some deformity of the renal tract 
including lesions which cause some residual urine to be present after 
voiding, the chances of developing persistent bacteruria and an overt 
symptomatic urinary infection thereafter are very great. Bacteria are 
most likely to gain access to the bladder during catheterisation and 
urological investigations. The incidence of bacteruria following these 
manoeuvres can be reduced by introduction into the bladder of an 
antiseptic or antibiotic at the end of the procedure. It is also wise to 
culture the urine of patients with known abnormalities of the renal 
tract from time to time. If the urine is infected it should be sterilised 
by a short course of antibiotic, routine cultures being continued there¬ 
after. Another way in which organisms commonly enter a woman's 
bladder for the first time is at the beginning of active sexual life. 
At this time acute pyelonephritis occurs relatively frequently even 
in those who have a normal renal tract. There is much to be said for 
giving aU virgins 100 mg. of nitrofurantoin to take at night for the 
first two or three weeks after they cease to be virgins. 

Acute pyelonephritis occurs predominantly in those individuals 
who have asymptomatic bacteruria. In schoolgirls the incidence of 
asymptomatic bacteruria is about 1 per cent. After puberty it rises to 
about 6 per cent where it remains until the age of 60 to 70, when it 
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rises again to 20-30 per cent in the elderly Tlie nse alter puberty is 
due to sexual activity, for the madence among nuns is the same as m 
schoolgirls before puberty The incidence of acute pyelonephritis in 
women wth as 3 Tnptomatic bactenina vanes from group to group 
For instance, it is highest m pregnant women m whom 25-30 percent of 
those with asymptomatic bactenina develop acute pyelonephntis 
It IS much less in women who are not pregnant (but the actual incidence 
IS not known) There is no doubt that the detection of tliose pregnant 
women who have asymptomatic bacteruna and the stenlising of their 
unne with antibiotics can greatly reduce the incidence of acute pyelo 
nephntis m pregnancy (p 32S) There is a growing feclmg that a similar 
search for and treatment of asymptomatic bacteruna should be under¬ 
taken m infants and children 

Control of the Acute Infection Patients used to recover from acute 
upper unnary infections before the amval of antibiotics It is probably 
true, therefore, that many infections would recover if treatment were 
limited to the admmistration of large quantities of water and sodium 
citrate In practice it is best to give an antibiotic in all upper unnary 
infections, for li the inBammatory process has penetrated into the 
renal parenchyma it is reasonable to suppose that quick control of 
the infection will lessen the residual damage 

Sulphonamides are usually admmistered without first identifying 
the organism responsible for the infection The repeated success of 
this blind manccuvre ensures its continuity, but there is no doubt 
that it IS more satisfactory to culture the unne and determine the 
sensitivity of the organism When there are recurrent mfcctions it is 
imperative that this be done Antibiotics are excreted in the unne at 
varying rates, but m all instances their unnary concentration is greater 
than their simultaneous concentration m body fluids Contrary to 
onginal expectations it is only necessary to give suffiaent antibiotics 
to obtain an efTcctive unnary antibacterial level The administration 
of antibiotics should be continued for at least three weeks, and 
certainly /or some Jays after all trace of tenderness the lotus has 
disappeared 

iVhen there has been evidence of extcns)%c parenchymal invasion, 
that IS if renal function has been depressed by the infection, it is 
advrsable to continue treatment for two to three montlis 

Tlie choice of antibiotic is dclcmuned by the sensitivity of tlic 
infecting organism, but if the diagnosis is clear cut it is unnecessary 
to wait 24 hours for tlie result of unne culture, treatment is started 
with eitljcr sulpliadimidme (3 g followed by 1 g G-houxJy) or tetra 
c>clme (0 25 g 0-hourly) immediately after some unne has been 
obtained for culture In this way no time will have been lost uhafever 
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the result of culture Other antibiotics are listed m the Table opposite 
It IS useful to remember that many antibiotics may themselves cause 
renal damage A few, such as solphamerazme, and baatracm do this 
so frequently that they should be avoided 

During a course of treatment the mme should be cultured at least 
once to mahe certam that the antibiotic is effective When the course 
of antibiotic is finished the urine shouM be cultured approximately 
2, 7,11 and 30 days later and then at montlily mtervals The treatment 
and prevention of further attacks is discussed below 

PutCEKTAfiK 
QP pATIUtn 



MONTHS irrcR CESSATION Or ANnBACTERIAL THERAPT 

Fic 22 3 Rate o{ relapse And reuilecboaui2a3patie&ts'fvithunAuyu)lectiDns 
alter treatment. The upper curve on the lelt demonstrates the recurrence 
o{ bactenuia mth the ongmal mfechng strains It shows that nearly all 
the relapses that occtured in the three years of follow up had occnned 
m the ^t three months whereas the le-ulections occurred at a slouer 
pace and continued throoghout the study (McCabe and Jachson 1065 
Ntw Eng J Med ) 

Precautions in Patients with Renal Failure. Most drugs are excreted 
m large amounts m the urine so that their plasma and urine 
concentrations are closely rdated to the state of renal function When 
renal function is unpaired the plasma level of such drugs may nse to 
toxic levels (e g streptomycin and nitrofurantoin) while conversely 
their concentration m the urme may fall to such low levels that the 
concentration is msufficient to stenlise the urme even if the organism is 
sensitive Cephalondme, ampicillm and nahdixic acid are the safest 
drugs to use in the presence of severe renal impairment 
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Tetracycline should not be given to patients with renal failure for 
its effect on protein metabolism causes a brisk rise in blood urea and 
other nitrogenous waste products. 

Prevention of Further Attacks. Relapses of infection with or without 
symptoms, i.e. recurrences of bacteruria with the same original infecting 
organism will all occur within three months of ceasing treatment 
whereas reinfections, i.e. the acquisition of new infections with a 
different strain will occur mainly in the first year, and continue more 
slowly thereafter (Fig. 22.3). If relapses and reinfections are not 
differentiated there is an overall recurrence of bacteruria within six 
months in 50 per cent of patients who have had an attack of acute 
pyelonephritis; and at the end of 18 months 80 per cent will have 
had a recurrence of bacteruria. Symptomatic attacks of acute 
pyelonephritis recur in a proportion of those who redevelop bacteruria. 

The prevention of recurrence is often a surgical procedure, -with 
the repair or removal of a structural deformity. Otherwise the preven¬ 
tion of further attacks depends on keeping the urine sterile. This 
can be done in one of three ways. The first consists of giving a short 
course of an appropriate antibiotic in normal doses, each time the 
urine is found to be infected or symptoms recur. In order that treatment 
should be prompt the patient keeps a supply of one of the wide 
spectrum oral antibiotics at home. Urine cultures are performed at 
regular intervals. Alternatively urinary sterility can be maintained by 
giving long courses of a simple urinary antibiotic in small doses. The 
antibiotic is given once in the 24 hours and is best taken at night on 
retiring. During the night the concentration of the urine is at its 
highest so that the concentration of the antibiotic is also at its highest, 
this urine remains in the bladder for some considerable time, and the 
bladder at this time is therefore in an advantageous position to repel 
any bacterial invasion introduced during sexual intercourse. Sulpha- 
dimidine 0-5 g., sulphamethizole 200 mg., nitrofurantoin 100 mg. or 
nalidixic acid 1 g. have each been found useful, particularly nitro¬ 
furantoin. Side effects from such small doses are tmusual. 

If none of these methods prevents frequent reinfections of the urine 
but the patient does not develop overt clinical symptoms it is probably 
best to continue whichever treatment is being given and to watch and 
wait. If, on the other hand, frequent reinfections of the urine are 
associated with frequent attacks of overt and s 5 rmptomatic attacks of 
urinary infection it may be necessary to give larger amounts of anti¬ 
biotics and to use a different antibiotic each week to try and prevent 
the organisms becoming resistant. Nitrofurantoin 100-200 mg. per 
day, sulphamethizole 100 mg. four times a day, tetracycline 250 mg. 
three times a day, nalidixic acid 2 g. per day, benzylpenicillin 500 mg. 
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four tunes daily and ampiciUm 2S0 mg four times a day have been 
used m this \vay Other drugs such as streptomycm, kanamycm, 
cohstm and cephalondme may be used m standard doses if mfections 
occur m spite of this treatment 

_ .. , CHRONIC PYELONEPHRITIS 

Pathology 

The kidneys are small, coarsely and irregularly misshapen by scars 
and areas of hypeiplasia of wdely differing dimensions The extent 
of the damage is often more pronounced on one side than on the other 
and is sometimes entirely uiulateral The cut surfaces show scars 
extending from the pelvis to the capsule 

The tmcroscopical appearances consist of patches of mtcnse infiltra¬ 
tion wth lymphocytes and plasma cells, these areas are distnbuted 
m a haphaxard manner, but concentrated more m the medulla than 
in the cortex The tubules m these sites are either small and atrophic. 



Fic 22 4 Chrome pyelaQephntis Schema tUustratmg the lollowteg changes 
a fibrous scar atrop^c tubules chronic inflamma tory cells and one 
glomerulus Vihich ts sonoonded by a thiclc halo oi fibrous tissue but 
whose tult IS intact The rdabvely normal tubules are separated by 
much intertubular matenal 
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or dilated with flattened epithelium and contain collections of a homo¬ 
geneous eosin staining material {“ thyroid areas ”). The glomeruli 
resist the inflamm atory invasion better than the tubules; some may 
appear almost unchanged while others have normal tufts, though they 
are surrounded by a thick collar of fibrous tissue (Fig. 22.4); the 
remainder, however, show varying degrees of change in the tufts, 
including fibrosis and atrophy. 

Frequently the changes of acute pyelonephritis are found inter¬ 
spersed and superimposed upon those of chronic pyelonephritis. 

The scarring is principally due to wedge-shaped areas of inflam¬ 
mation, but there may also be similar shaped areas of ischaemic 
infarction; often the two are histologically inseparable. The extent of 
the vascular changes is very variable, but in those patients who have 
suffered from severe hypertension, advanced changes are always seen, 
both in the larger arteries and in the arterioles. The arcuate, interlobar 
and interlobular arteries show gross thickening of focal areas of the 
external elastic lamina with fibrous replacement of varying amounts 
of the arterial walls, including the elastic and muscle coats; they may 
also show extensive fibroceUular proliferation of the intima. These 
changes produce extreme narrowing of the lumen, though complete 
occlusion is rare. The arterioles show the changes associated with either 
malignant or non-malignant hypertension. Whenever there are malig¬ 
nant hypertensive changes there are also widespread and severe 
changes in the larger arteries. 

Discussion on the Development of Structural Changes 

About 70 per cent of the incidence of chronic pyelonephritis, i.e. 
gross focal scarring with distortion of the calyces is due to some 
associated structural abnormality of the urinary tract. These abnor¬ 
malities have been described in the section on acute pyelonephritis 
and are usually identified without great difficulty. The most important 
are those which have been present since birth. There remains a 
relatively large group of patients with gross focal scarring and distortion 
of calyces in whom no apparent abnormality of the renal tract can be 
demonstrated. In this group, as in the overwhelming majority of the 
other group, the cortical scarring and distortion of the calyces only 
develop in childhood. It follows that if the recognition of chronic 
pyelonephritis is considered to depend on the presence of radiologically 
evident focal scarring and calyceal distortion, chronic pyelonephritis 
does not develop in adults. 

It does not follow that repeated or persistent infection of the 
kicmeys beginning in adulthood cannot cause destruction of the kidneys 
an eventual death of the patient. It might do so without causing 
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gross radjologically evident focal scarring and distortion of calyces 
Such a possibility is supported by the fact that if a patient ivoth child¬ 
hood cliromc pjeloncphntis, xe with gross scarring and calyceal 
distortion, survives into adulthood the radiological abnormalities will 
show little further change even though the patient may eventually die 
of chrome renal failure Presumably continmng destruction of the 
kidneys by mfcction m adulthood does not cause furtlier areas of focal 
scarring sufBaenlly extensive to be apparent radiologically. The 
suggestion that infection of the ladncys in an adult may cause destruc¬ 
tion without gross scarring and calyceal distortion is also supported 
by (he finding that acute pyelonephritis m adults is often followed by 
a reduction m the size of the kidneys, but os has been mentioned above 
cortical scamng and distortion of calyces does not occur 

If it is accepted that renal destruction by infection m adults can 
occur without the characteristic radiological appearances of chronic 
pyeloneplintis ’ it is clear that the diagnosis of cliromc renal infection 
m adults is gomg to be difficult Renal biopsies axe only of limited help 
(p 275) wiulc abnormalities m urine cultures and white cell excretion 
rates from bladder unne do not mdicate the site responsible for tlie 
abnormality Often the diagnosis is just as difficult at autopsy for it is 
well established that even m patients wntli the classical focal scamng 
and distortion of calyces who have died of chrome renal failure the 
kidneys may contain no ojg:am$n)s In tiieahsetiCfi of the characteristic 
macroscopic scamng and calyceal clianges and organisms, the evidence 
on which a diagnosis of chrome renal infection can be made is limited 
to a subjective interpretation of the microscopical appearances 

The absence of organisms at post mortem even m kidneys which 
hav e mdubitably been the site of severe focal infection m the past, 
and m whicli the destruction has contmued thereafter m a less focal 
way, IS difficult to explain In animal experiments there is some sug¬ 
gestion that bacterial antigens may remam m the kidneys after the 
death of tlie bactena and cause a contmuing inflammatory reaction 
m the absence of live organisms There is also some evidence that 
though conventional methods of bactenal culture may fail to reveal 
bactena. other methods mil reveal bactenal vanants such as proto- 
plasts These are conventional organisms without their capsules In 
this state they can only exist m hypertomc media As the renal medulla 
IS the only persistently hypertonic area m the body and as it is also 
particularly susceptible to infection (p 27B) it is possible that some of 
the contmumg destruction of the kidneys m patients with “ stenle ’ 
unne is due to mfection with protoplasts 

Antikidney antibodies cannot be found in chronic pyelonephntis 
either circulating or deposited m the kidney It does not appear there 



294 


RENAL INFECTIONS 


fore that the process of destruction is related to that involved in the 
immunological diseases of the kidney. 

Clinical Features 

In inany respects the following description is concerned with the 
c ical features of all forms of chronic pyelonephritis. Nevertheless 
(hfficidties of diagnosis it is concerned particularly 
wi h that group of patients in whom the disease is not associated with 
some abnormahty of the urinary tract. This group consists mainly of 
children, and women below the age of 40. 

^ development of chronic 

P^'^ceded by recurrences of acute pyelone- 
phntis the first mdication that the disease is present may bef 

1. Proteinuria in a “ symptomless ” patient. 

2. Hypertension and proteinuria in a " symptomless ” patient. 

^ pSt"^^ ^ ^ previously " symptomless" 

an?p7oteb7ria™'^^^''^ symptoms 

^ vague general symptoms but some 

proteSuria'^"' includmg loin pain, dysuria, fever and 

hypertensio7 renaW^T ^^g^osis is not made before the onset of 
the^ patS '^^^diac fafiure. This is due, in part, to 

advanced but akn f +7 f ^y™P^O"iless before the disease is well 
the patient and her symptoms both 

Frerencv their hnportance. 

they onlwS Tw ^ ^ the cases but often 

mitteSS in disturb the patient very httle. Inter- 

direct questionine three-quarters of aU cases, but 

polyurkTre their presence. Thirst and 

but it is not often m other forms of renal failure, 

comment Manvnatip t sufficiently pronounced to cause 

headache and SsTa“ 

100,000 orgSnSml 'of wfeoted (i.e. there are more than 

white cells (i e more i-h contains an excess number of 

addition proteinuria ie: ^ tO/c.mm. or more than 400,000/hour). In 
5 g./24 hours. The ahqf7^ y present though it is seldom greater than 
diagnosis of chronic rena W f f abnormalities does not exclude a 

of chronic pyeloneohritis Ti 7 '^tematively, when a diagnosis 
pyelonephntis has been made on radiological evidence, the 
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absence of unnary abnormalities does not necessarily mean that the 
inflammatory process is quiescent An mjection of prednisolone 
phosphate intravenously may provoke a sudden nse in white cell 
excretion (p 281) and demonstrate that a site active of mfliammation 
does exist 

It must be stressed that the findmg of bacteria, white cells and 
protem m the urme is not suffiaent evidence on which to base a 
diagnosis of chrome pyelonephritis During life the only accepted 
entenon, at the present time, is radiological evidence of focal 
parenchymal scarring mth caliceal distortion In those patients in 
whom there is some chmcal suspiaon that the kidneys are the site of 
persistent infection and m whom there is bactenina and pyuna, and 
yet the radiological appearances are normal or equivocal, it is sometimes 
possible to clmch a diagnosis of renal mfection by cathetensmg the 
ureters It is then possible to do quantitative counts on the urme coming 
from each kidney The techmeal procedures involved m avoidmg 
contaminating the uretenc unne \vith bladder unne are not difficult 
but must be scrupulously earned out Otherwise, the results are 
meaningless If the uretenc unne is mfected it seems reasonable to 
suppose that the renal parenefayroa is infected Whether or not such 
cases are to be considered as having chrome pyelonephntis is a matter 
for semantic bickering 

In keeping with the focal nature of the disease it is characteristic 
that there is often a marked difference m renal function behseen the 
tw 0 kidneys This mionnation can often be inferred from the inequality 
m renal size but is most accurately obtained mth uretenc catheters 
Tlie most revealing parameters to study are the ability to concentrate 
the unne, the unnary sodium and creatuune concentration and the 
creatmme clearance The mvestigatiou is performed at the end of a 
period of fluid depnvation or after the injection of 5 umts of vasopressin 
tannate m oil mtramuscularly It is jHirformed mainly when a unilateral 
nephrectomy is being contemplated particularly if there is hypertension 
The mvestigation allou's an assessment to be made of the likelihood of 
the rem ainin g kidney being able to sustam life and may also give some 
mdication whether the hypertensaon is due to a supenmpo'ed renal 
ischsmia and therefore whether unilateral nephrectomy will reduce 
the blood pressure In both pyelonephntis and iscbrenua the abihty 
to concentrate and the creatinme clearance will be reduced In the 
predommently ischsemic kidney, however, the unnary sodium concen¬ 
tration wall be lower and the creatuune concentration higher than on 
the opposite side whereas m the predommently pjelonephntic kidney 
the unnary sodium concentration wiU be the same or higher and the 
creatinme concentration lower than on the other side 
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In general, renal functional impairment follows the same pattern as 
that described in the section on chronic renal failure (p. 165), but there 
tend to be certain divergences, particularly in the early stages, which 
may be useful in establishing the diagnosis. For instance, tubular 
function is apt to deteriorate more rapidly than glomerular filtration 
rate. It is not unusual, therefore, to find an inability to concentrate 
the urine above S.G. 1-012, while the creatinine clearance is still 
approximately 50 ml./min., and the blood urea 40 mg. per 100 ml. For 
the same reason there may be an apparently exaggerated diminution 
in the ability to excrete hydrogen ions with a consequent fall in plasma 

and bicarbonate. When the glomerular filtration rate is only 
moderately impaired, however, and there is little or no accompanying 
rise in plasma phosphate concentration the fall in plasma bicarbonate 
is compensated for by a rise in chloride and there is a h 3 q)erchlorsemic 
acidosis. In some patients with prolonged severe active chronic 
pyelonephritis there may be a considerable increase in the plasma con¬ 
centration of gamma globulins together with a high sedimentation rate. 
A finding such as this in a patient in whom the presence of chronic 
pyelonephritis is not known may cause some confusion. The renal 
impairment and abnormal electrophoretic pattern may suggest a 
diagnosis of myelomatosis. After treatment with antibiotics the erythro¬ 
cyte sedimentation rate and the plasma protein pattern gradually 
return to normal. 

Relationship Between Clinical and Structural Features 

Histological evidence compatible with chronic pyelonephritis can 
be obtained with a renal biopsy before there are any changes in the 
I.V.P. There is no relationship between the severity of these structural 
changes and renal functional impairment or the severity of " p 5 mria,'' 
(i.e. visible pus in the urine). Pyuria usually occurs with renal calculi 
or some gross structural deformity of the urinary tract, and it is probable 
that these large quantities of white cells are coming from the pelvis or 
ureter. This is in keeping with the well-known clinical observation 
that some patients may excrete considerable amounts of pus each day 
for years without any marked deterioration of renal function. 

Differential Diagnosis 

In the absence of the characteristic radiological appearances it is 
extremely difficult to find out if the patient is suffering from a chronic 
renal infection. Some support will be obtained by being able to exclude 
other renal diseases which cause proteinuria and impairment of renal 
ffinction. Clearly this is not easy. The main point of differentiation 
between pyelonephritis and nearly all other renal diseases is its focal 
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nature and that it so often aftccts one kidney more than the other 
It IS also useful to remember that chrome pjelonephntis is the most 
common cause of predominantly unilateral renal disease 

WJicn there are radiological changes suggestive of chronic pjelo- 
ncphntis the two main problems of differentiation are back pressure 
atrophy and ischrcmic scars Back pressure atrophy often follows a 
short penod of urctenc obstruction, the radiological appearances 
remaining abnormal thereafter Back pressure atrophy is charactensed 
by a generalised and unifonn loss of renal substance which is equal 
throughout the kidney, tlus change is nearly always assoaated with 
a uniform loss of papillx, and often with a dilatation of the renal pelvis 
and calyces Radiologically focal iscliaimic scamng is differentiated 
from pjeloneplmtic scamng by the fact that ischxmia does not 
distort the calyces 

Course and ProgooiU 

Occasionally the onset of the disease can be traced back to an acute 
upper uruiary infection which occurred many years eaxbcr, and winch 
was followed thereafter by intenmttcnt mild rebpses. More often, 
the past IS as uidcilmte as the future is uncertain 

It IS cliaractenstic of the progress of chronic pyelonephritis that 
renal functional impairment may cither remain unchanged for 10*20 
} cars, or suddenly become so mucli greater (due to an acute infection) 
that the patient dies wiUun a few days It is equally characteristic 
Jf^hat, though an almost tcrmmal state of renal failure may be provoked 
by an acute infection, an unexpected recovery may take place. For 
these reasons it is impossible to gauge the prognosis m an individual 
case until there is persistent and advanced rend failure, or mahgnant 
hypertension has developed About half the patients with chronic 
pj elonephntis have a normal blood pressure, but it is nevertheless the 
renal disease which most frequently gives nse to malignant hyper¬ 
tension Established hypertension is often aggravated by a climcally 
obvious flare up of mfccUon 

Uhifaferaf Chronic Pydoaepbntis aad ffypcrteasfon 

It is dilTicult to predict which patients will have a fall m blood 
pressure following a unilateral nephrectomy The combmation of 
pjelonephniis and ischxmia makes the mterpretation of mdividual 
renal functional studies difficult, for each produces opposmg fimctional 
changes A few patients have had their blood pressure successfully 
lowered m spite of uretenc studies which suggested that the kidney 
whicli was removed was not ischiemic (p 116) Many of the successful 
operations have been m patients who had an acute and accelerated 
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form of hypertension of short duration, including malignant hyper¬ 
tension. Operations on patients with unilateral renal disease and 
hypertension should not be performed until the functional integrity 
of the other kidney has been investigated. If one kidney is small 
the other should be large. If the supposedly normal side is not bigger 
than normal then it is itself diseased. 

Some authorities consider that before deciding to do a nephrectomy 
a renal biopsy should be obtained from both kidneys (with an interval 
between the two biopsies), and that the likelihood of lowering the blood 
pressure will be greater in those in whom the kidney to be removed 
shows no arteriolar changes, whereas they are present on the other 
side. This demonstrates that there is some arterial occlusion between 
the main renal artery and the arterioles. 

Chronic Pyelonephritis and Vesico-ureteric Reflux 

In many patients with the characteristic I.V.P. appearances of 
chronic pyelonephritis vesico-ureteric reflux can be demonstrated. 
This consists in showing that a radio-opaque liquid placed into the 
bladder, and then spontaneously evacuated, ascends up either one or 
both ureters during micturition. Occasionally the patient may have 
complained of intermittent pain in the loin during micturition. 

There is no doubt that unless infection is controlled, reflux hastens 
the rate at which the infection destroys the kidney. There are now 
several reports, however, in which it has been shown that reflux, 
particularly in children, has disappeared following the prolonged 
administration of antibiotics. Surgical correction of reflux can be a 
relatively simple procedure if the reflux is due only to bladder neck 
obstruction. But when the reflux has to be treated by operations on 
the ureter the results are unpredictable and often unsatisfactory. The 
success of these operations seem to depend, more than most, on the 
skiU and the experience of the surgeon. 

Chronic Urinary Infection and Renal Stones 

There is no doubt that the presence of renal stones often causes 
urinary infections, but there is also some evidence that infection itself 
may cause stone formation. The main factor which is probably 
responsible is the urea splitting properties of some organisms such as 
B. proteus] ammonia is formed and the urine becomes, and remains, 
highly alkaline, which leads to the precipitation of calcium phosphate. 
This mechanism is exacerbated if there is increased calcium excretion 
due either to excessive calcium intake (milk) or prolonged rest in bed 
(e.g. poliomyelitis). 
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Treatment 

If the disease has extensively mvolved one kidney and the other is 
sound it IS usually wTse to remove tlm diseased kidney, for, if the blood 
pressure is not raised preoperatively, the operation vsiU prevent its 
nsmg, and, if it is already raised, the operation may cause it to return 
towards normal Nevertheless, if the kidney is not causmg any symp¬ 
toms, the unne is uninfected and the blood pressure is normal, it 
may occasionally be justifiable to do nothmg except keep the patient 
under observation 

In bilateral disease any surgically treatable cause of unnary tract 
deformity, sucli as renal stone and uretenc stnctures, should be 
attended to, but it is doubtful, once chronic pyelonephntis is estab¬ 
lished, whether surgical procedures will completely halt its progress 
Postoperatively these patients should therefore be treated m the same 
way as those in whom no primary deformity of the unnary tract is 
discoverable, or m whom such a deformity is moperable 

Once a diagnosis of chrome pyelonephntis has been made, the aim 
of treatment is to try and prevent the infection from smouldering or 
suddenly donng up The ways m which further mfections may be 
prevented are outlmed on p 290 Contmuous and prolonged attention 
should be maintained by the patient and her doctor to detect any mmor 
change in general conation, and the unne should be examined fre 
quently If the patient expenences similar symptoms to those she has 
had with previous attacksorif there is fever, pains in the loins, dysuna 
or a sudden mcrcase m white cdl excretion, antibiotics should be 
started at once, whether or not the unne contains organisms If the 
patient is mtelligent she can be given some antibiotic to keep at 
home and to take at the first sign of a recurrence Sometimes recurrences 
are so frequent that it is best to give intermittent courses of antibiotics 
all the year round, either every few days, or for a week once a month, 
very occasionally it is necessary to give antibiotics every day through¬ 
out the year The unne must be cultured at regular mtervals during 
treatment to check on the sensitivity of the organism During preg¬ 
nancy, a woman known to suffer from chrome pyelonephntis should 
be given prophylactic antibiotics throughout 

The choice of antibiotic depends on the sensitivity of the organism 
and the patient's reaction to its administration 

Plienacetm Overdosage 

Phenacetm is either taken alone or m combmation with other 
analgesics, e g tab codeine co, which contains 250 mg of phenacetm 
per tablet The prolonged ingestion of phenacetm over several years 
can cause chrome renal failure 
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Pathology 

The macroscopic appearances are the most characteristic and are 
due to the multiple loss of papillae. Microscopically the lesion consists 
of a chronic inflammation of the interstitial spaces which is particularly 
marked in the medulla and papillae. Tubules are eventually destroyed 
while the glomeruH tend to remain intact. When the changes in a 
papilla are sufficiently advanced it necroses, becomes detached from 
the medulla and is passed in the urine. 


Clinical Findings 

Four main groups of individuals are liable to take phenacetin in 
large amounts. The most understandable is that which consists of 
persons who suffer from some chronic painful disease, such as rheuma¬ 
toid arthntis, for which analgesics offer some rehef. Another group 
consists of workers such as watchmakers who are liable to headaches 
n some Swiss factones it used to be customary for the firm to distribute 
anaW?^ ^ ^^6 0 c a^ to its workers. A third group are compulsive 

headache and they obtain 
habit ingestion of phenacetin. Their 

induced^nT^^^-J^’^?^ they can be 

ont and wLT group is a remarkable 

Snl n?t?1 Sweden, it provided the first conclusive 

to phenacetin^ T^P^d^ ^enacetm. A whole village became addicted 
bilitv WtiPn ' f became a symbol of friendliness and socia- 

a Dhenarptin + ^ gathered together they would offer each other 

wem ^ preliminary to conversation, while those who 

ThTSS^r take their hosts a packet of phenacetin. 

perSvSur vP^a "r P^.®""®®tin (e.g. tab. codeL co. X 6 

renal fafiurp TL associated with a substantial risk of developing 

Xn 11 °ther complain! 

Sk w th hZ J proteinuria, or he may appear with renal 

ren^ll'rc^S'bv hyjLension. The 

sometimes be recojsed in the^rinf 

this^the^S°Si" the right questions. Apart from 

firaph?c\rnct:rir^^^^^^^^^^ ^ 

Treatment 

therefore *^^^^consi^mW° self-administration. The incidence would 
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In the established case the most useful measure is to persuade the 
patient to stop taking any more phenacetin In those with well marked 
renal failure there is sometimes some improvement m function but the 
most striking result is that there is no further detenoratioa If the 
disease is far advanced, renal failure may progress to death of the 
patient m spite of stoppmg the phenacetin Nevertheless a few patients 
with creatmine clearances around 10 ml /mm have survived 
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POLYURIA 

The functional disturbances which cause polyuna are (a) lack of 
circulating antidiuretic hormone (ADH) or (6) an mabihty of the 
kidneys to concentrate urme although ADH is present because of (1) 
impaired ability of the tubule to respond to ADH (2) a fault m the 
mechanism concerned with producing a bypertomc interstitial fluid m 
the medulla and (3) an mcreased solute output (i e an osmotic diuresis) 
It may be difficult or impossible m an mdividual patient to disentangle 
which of these abnormalities is responsible for poljmna The important 
point IS that more than one abnonnahty may be present in any one 
form of polyuna This is best demonstrated if the clinical causes of 
polyuna are listed under the vanous disturbances mentioned (see 
below) When the climcal condition is due to more than one functional 
abnonnahty it is listed in itahcs under that abnonnahty which is 
considered to be the principal cause of the polyuna 


POLYURIA DUE TO DIMINISHED CIHCULATINC 
ANTIDIURETIC HORMONE (ADH) 

1 Because of an tmpwod ability to stcrtte ADli 

(а) Persistent defect 

(i) Lesions of the supraopiico-hypolJmlamits t s dtahdes 
insipidus 

(б) Transient defect 

(i) Compulsive water dnnkmg 
(u) ? Potassium defiaency 

2 Because of a dimaushed need to secrete ADH due to an increased 
intake of water due to increased thirst 

(a) Compulsive water innktng 
(&) Potassium deficiency 
(c) Lesion of thirst centre 
{d) Hypercalczemia 

aa* 
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POLYURIA IN SPITE OF ADEQUATE CONCENTRATIONS 
OF CIRCULATING ADH 

1. Because of an impaired ability of the tubule ‘‘wall** to respond to 
ADH 

{a) Congenital. 

(i) A single tubular lesion, i.e. nephrogenic diabetes 

insipidus. 

(ii) One of several tubular lesions, i.e. renal tubular 

acidosis, Fanconi's syndrome. 

{b) Acquired. 

(i) Comptilsive water drinking. 

(ii) Diabetes insipidus. 

2 . Because of a fault in the mechanism concerned with producing a 
hypertonic interstitial fluid in the medulla 

{a) ? Due to an impaired sodium transport in the loop of 
Henle. 

(i) Potassium deficiency. 

(ii) Hypercalcaemia and hypercalcuria. 

ip) ? Due to a disturbed flow of blood in vasa recta, or 
structural damage to loop of Henle. 

(i) Chronic pyelonephritis. 

(ii) Widespread gradual destruction of nephrons, i.e. 

most instances of chronic renal failure. 

(iii) Hydronephritis. 

(iv) Sickle cell anaemia. 

5 . Because of an increased solute output per nephron {osmotic diuresis) 

(а) Through a normal number of nephrons. 

(i) Glycosuria. 

(ii) Salt diuresis following relief of urinary obstruction. 

(б) Through a greatly reduced number of nephrons. 

(i) Chronic renal failure. 

Polyuria due to glycosuria is easily diagnosed by a routine test of 
the urine. 

The other causes of polyuria can be subdivided into those that are 
associated with a moderate rise in blood urea and in which the urine 
volume is usually only increased to about 3-4 litres per 24 hours, and 
those that have a normal or low blood urea, and in which the urine 
volume is usually above 5 litres per 24 hours (often up to 10-12 litres). 
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Those conditions m which there is a nse m blood urea and only a 
moderate nse in unne volume include chronic renal failure, potassium 
deficiency, some cases of hypercalcsmia, and renal tubular acidosis, 
while those with a normal blood urea and the excretion of large volumes 
of unne include diabetes insipidus, compulsive water dnnkmg, some 
cases of hypercalczmia, and faimhal nephrogenic diabetes msipidus 


A 

Polyuna with urtHt ootum* unially teit \ 
than 3~4 1 /24 Ar and blood urea i 

ratsed 1 

B 

Polyur%a xiiith urtne velumi often 
greaier (hart S 1 (ii hr and blood urea 
normal 

1 Chronic renal failure (p 16S) 

2 Potassium deficiency (p lOSJ I 

3 Hypercalcsmia (p 203) 

4 Panconi a syndroms (p 214) I 

1 Diabetes insipidus 

2 Compulsive water dnnkmg 

3 H^'percalcmmia (p 203) 

4 Familial nephrogenic diabetes insipidus 

The disturbances included m 

Group A have been discussed in 


earlier sections Those in Group B are discussed below, except for 
bypercalcuna, which has been discussed on p 203 


CAUSES OF POLYURIA IN WHICH THE URINE VOLUME IS 
USUALLY greater THAN 5 LITRES/24 HOURS AND 
THE BLOOD UREA IS NORMAL 

Familial Nephrogenic Diabetes Insipidus 
This IS a rare sex Imked condition which occurs in males and ivith 
such a marked fanuhal madence that sometimes there are several 
patients under the same roof with the same symptoms The onset of 
symptoms is durmg mfancy or childhood Occasionally chrome 
dehydration inth plasma h3'pertoDiaty m mfancy may lead to severe 
and pennanent mental retarfation Investigation of entire famihes 
has shown that they may contam symptomless heterozygous female 
earners, m whom there is a mild unpaument of maximum concentratmg 
capacity 

The evidence that the pnmaiy defect is an inability of the tubules 
to utilise vasopressin is obfamed by giving vasopressm intravenously 
In nephrogemc diabetes insipidus the amount of vasopressm that 
then appears unchanged m the unne is much greater than m normal 
subjects It must also be pomted out that microdissection of nephrons 
has revealed that m nephrogenic diabetes insipidus the proximal 
tubules are shorter than normal The relevance of this findmg to the 
mabihty of the tubule to utilise vasopressm is not clear If, hoi^ever, 
the shortenmg results m an increas^ amount of glomenilar filtrate 
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reaching the loop of Henle and the distal tubule it may be an additional 
cause for the h 3 /potonicity of the urine. 

The disease is characterised by an almost complete inability to 
raise the urine concentration above the concentration of plasma with 
either 5 units of vasopressin tannate in oil intramuscularly, or 
moderately severe fluid deprivation sufficient to cause a loss of up to 5 
per cent of body weight; in both instances the urine usually remains 
around S.G. 1-004. If the vasopressin dosage is raised to toxic levels 
(i.e. 2 units of the aqueous solution intravenously), or the dehydration 
is so severe that it gives rise to distress and fever, the urine concentra¬ 
tion may then rise to much higher levels; this is sometimes seen 
terminally in nephrogenic diabetes insipidus of infancy. 

Treatment consists mainly in early recognition and the adequate 
administration of water. Infants also greatly benefit from a low 
electrolyte diet, for this produces a quicker return to normal plasma 
osmolality. Diuretics which cause much sodium loss such as frusemide 
or chlorothiazide can reduce the extent of the poljniria. They are 
useful for special occasions, but their prolonged administration may 
cause potassium deficiency. It is not known how they reduce the urine 
volume. It has been pointed out that this only occurs when the patient 
is in a negative sodium balance, and it has been suggested that this causes 
such an increased reabsorption of sodium from the proximal tubule that 
the quantity of tubular fluid which travels into the loop of Henle and 
emerges into the distal tubule as hypotonic fluid is greatly reduced. 

Diabetes Insipidus 

It has been mentioned above that diabetes insipidus is due to a 
diminished ability of the supraopticohypophyseal system to secrete 
ADH. This is usually an acquired defect associated with fracture of 
the base of the skull, tumours, infections and lipoid storage diseases. 
Not infrequently the cause is unknown. It is more common in men 
than in women. A few familial congenital cases have been described. 

The onset of S 3 nnptoms is usually gradual and, once pol 3 mria and 
polydipsia have developed, the daily water exchange remains relatively 
constant. Sometimes 12-15 litres of fluid are ingested and excreted 
each day for many years; yet, in spite of the great disturbance to 
sleep, there may be no other symptoms or signs. Loss of weight, 
exhaustion and constipation occur if the urine volumes become 
astronomical, i.e. 20-30 litres a day. 

Differential Diagnosis 

The main difficulty in the differential diagnosis is to distinguish 
between diabetes insipidus and compulsive water drinking. Sometimes 
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diabetes insipidus can be distingmdied with relative certamty by finding 
other evidence of structural disease m the area of the neurohypophysis, 
or a diagnosis of compulsive water dnnkmg can be inferred from the 
patient's disturbed mental state and previous history of psychiatnc 
pecuhanties Often the distinction between these two conditions 
has to be made foUoivmg the administration of vasopressm, a penod 
of fluid depnvation, and on an estimate of the plasma osmolahty (see 
below) 

Treatment 

The administration of vasopressin immediately reheves the thirst 
and polyuna. The duration of the rehef depends on the vasopressin 
preparation and on the tubular capacity to concentrate The effect 
of vasopressm tannate m oil. 6 umts mtramuscularly, should continue 
for 3-3 days, whereas the effect of lysme vasopressm spray wears 
off after 3-6 hours The spray is best earned about m case of an emer^ 
gency; sometimes the effect of the vasopressm tannate m oil wears 
off with an embarrassmg rapidity The disadvantage of vasopressm 
tannate m oil is that the sites of injection are apt to feel a Uttle sore for 
2~3 weehs The disadvantage of the nasal preparation is the occasional 
development of rhmorrhasa or asthma The inudence of such side effects 
with the synthetic lysme vasopressm spray, however, is much less than 
>vith the crude preparations of vasopressm snuff which used to be the 
only preparation available 


Compulsive Water Drinking 

This IS a much more common condition than diabetes insipidus It 
IS seen pnnapally m irnddle-aged women. The onset of polydipsia and 
polyuna is often sudden and not infrequently it comades with medical 
advice to dunk more fluid (e.g for consbpation) The quantity of 
water which is consumed is apt to vary erratically from one day to the 
next, and frequently there is also a slow penodiaty, wth relapses and 
remissions varying from several weeks to months Hystencal mani¬ 
festations and depression are a part of the syndrome, and there is nearly 
always a long previous history of psychological disturbances, occasion¬ 
ally these patients are discovered to be magnifying the extent of their 
polyuna by pourmg jugs of water mto the bedpan 

A diagnosis of compulsive water dnnkmg is usually suspected from 
the history and appearance of the patient, and often it is soon apparent 
that piolydipsia and polyuna are the least of the patient's troubles 
The differential diagnosis between diabetes insipidus and compulsive 
water dnnkmg is discussed below 
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ECT ECT 

4 " 4 



DAYS 

IG. 23.1. The effect of electro-convulsive therapy (ECT) on a patient with 
compulsive water drinking and severe dtpreL°on. ^ 

Treatment 

^ is one that controls 

Issurfnce Id disturbance involved. Sometimes re¬ 
hospital will nrnd Sufficient. Occasionally a rest in 

coincides with^tb^'"? marked improvement and, if such a remission 
onSSeTffis nid vasopressin, an erroneous diagnosis 

to bremffioveT. measures have 

(Fig 23 ifaJdt'on^^^ electro-convulsive therapy for the depression 

U ^^&rs.-s?ar;s.“ 

AND COMPULSIVE WATER DRINKING 

secrete ADH^be^ause^of ^ Persistent defect in the ability to 

of the naurohypophysis, and 
because of a mental abn^.i t mcreased intake of fluid 

the two conditions by estiiStffiV be possible to distinguish 

hormone in the blond dnri concentration of antidiuretic 

be low in diattes “ deprivation. It should 

P high m compulsive water drinking. 
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Unfortunately, there is as yet no rdiable method of estimating the 
concentration of circulatmg ADH m the plasma directly Its presence 
has to be deduced by observmg changes in urme flow and urme concen- 
tration For this reason, diabetes insipidus and compulsive water 
dnnking have to be distinguished by (1) estimatmg and companng 
the kidney's ability to concentrate the urme following the administra¬ 
tion of vasopressm and after a penod of flmd depnvation, (2) by 
observing the generalised effects of a long lasting vasopressm prepara¬ 
tion, and (3) estimatmg the osmolahty of the plasma 


Unne Concentrahon after Vaisopres&in Administrabon, and Fluid Depnvation 
Vasopressm is given when the patient is not bemg depnved of 
fluid to detenmne the efficiency of the kidney to concentrate the 
unne, and flmd depnvation is used to test the abUity of the neurohy¬ 
pophysis to secrete ADH It is logical to do these tests m this order, 
for tlie presence of ADH folloiving flmd depnvation is mferred from 
the nse m the concentration of the unne, this, in turn, is dependent 
on the tubule's ability to respond to ADH The mterpretation of these 
t^^o tests depends on tlie fact that when the abihty to secrete ADH 
IS normal the concentration of the unne after fluid depnvation is 
greater than after the administration of vasopressm 

Vasopressm is given at a time when the patient's consumption of 
water la perfectly free and uninhibited, it is administered either mtra- 
venously as 100 m Umts m 20 seconds followed by 5 m Umts/mm 
thereafter for one hour, or mtramuscularly as (1) vasopressm tannate in 
oil, 5 umts. or (2) aqueous vasopressm 2 5 units The test is most 
accurately performed with the first techmque, but it is more convenient 
to use vasopressm tannate m oil, for it is then unnecessary to cathetense 
the patient, nevertheless vasopressm taimate m oil may be dangerous 
for patients with compulsive ivater dnnkmg (p 313) 

A penod of fluid depnvation stimulates ADH production because of 
tlie negative balance of water that results The duration of such a 
penod therefore is of secondary importance For mstance, a penod of 
12 hours’ flmd depnvation is a stronger stimulus to ADH production m 
a polyunc patient imable to concentrate tlie urme, and who therefore 
excretes 3 to 6 hires of water, than is a 24-hour penod of flmd depnva¬ 
tion m a normal person who only loses 1 htre The most satisfactory 
method IS to be guided by the weight that is lost durmg flmd depnva¬ 
tion, and to estimate the unne concentration after the loss of 3 to 5 per 
cent of the initial weight If greater losses are allotted the unne may 
become concentrated by mechanisms other than the neurohypophyseal 
secretion, and the test becomes pomtless 
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Theoretically the result of these two tests in diabetes insipidus and 
compulsive water drinking should be as follows: patients with diabetes 
insipidus should concentrate their urine normally with vasopressin but 
not with fluid deprivation, whereas patients with compulsive water 
drinking should concentrate the urine normally with both vasopressin 
and fluid deprivation. Unfortunately, though this is frequently true, 
the situation is not always so straightforward. 

Results of Vasopressin and Fluid Deprivation Tests in Diabetes 
Insipidus (Fig. 23.2). Patients with diabetes insipidus are, indeed, 
unable to concentrate their urine following fluid deprivation and able 
to do so normally after vasopressin. The former becomes more 
evident if vasopressin is given at the end of the period of fluid 
deprivation, for there is then a rise in urine concentration to a level 
well above that obtained with vasopressin alone. Occasionally the 
response to vasopressin alone, though considerably greater than that 
following fluid deprivation, is stfll below normal. 

Results of Vasopressin and Fluid Deprivation Tests in Compulsive 
Water Drinking (Fig. 23.2). These patients may respond in a variety 
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PIT FD 
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Fig. 23.2. Test of neuroh 5 ipophyseal integrity by fluid deprivation and 
urine osmolality after intravenous aqueous vasopressin 
(Fir) and after fluid deprivation (F.D.), in compulsive water drinking, 
normal individuals and in diabetes insipidus; each line represents one 
subject. (Barlow and de Wardener, 1959, Quart. J. Med.) 




COMPULSIVE WATER DRINKING 


311 


of ways and the mulbpliaty of their responses is very confusing The 
following responses are seen * 

1 The kidney's abihty to concentrate the unne following vaso¬ 
pressin and flmd depnvation is normal, i e unne concentrabon rises to 
levels found in normal individuals and, what is more important, the 
concentraiton after fluid deprivation is greater than after vasopressin 

This indicates that both tubular function and the abihty to secrete 
antidmretic hormone are normal Such a response is only found m 
patients whose daily unne volume is less than 5 htres 

2 The kidneys abihty to concentrate the unne following both 
vasoprcssm and fluid depnvation is unpaired, but the concentration 
after flmd depnvation is greater than after vasopressin 

This mdicatcs that tubular function is unpaired but the abihty to 
produce ADH is normal In tliese patients the urme concentration 
after vasoprcssm may be around S G 1 010 and after flmd depnvation 
SG lOU 

3 The kidney’s abihty to concentrate the unne following vaso 
pressm is normal, but following flmd depnvation the concentration 
IS considerably less than that following vasopressm (i e the response 
to the two tests is the some as m diabetes insipidus) 

This indicates that tubular function is normal, but that there is an 
inhibition to ADH production which is not overcome by flmd depnva¬ 
tion It may be difBcult to differentiate such a patient from one 
suffering from diabetes insipidus, particularly if the aqueous vasopressm 
preparation has been used. If vasopressm tannate m oil has been given 
the distinction is usually easier (see below) 

4 Pmally, the kidneys are unable to concentrate the unne following 
vasopressm, but the concentration after flmd depnvation is even less 

'Dus mdicates that there is a combmation of tubular impairment 
and mabihty to secrete ADH These are identical responses to 
those obtained in diabetes insipidus They demonstrate an ability to 
inhibit ADH secretion m spite of flmd depnvation, presumably due 
to the emotional stress of the test This conclusion is confirmed by 
obtammg a normal response to fluid depnvation after treatmg the 
patient with some smtable psychotherapeutic manceuvre 

DtscKSStoH It IS not at all clear why the kidney’s abihty to concen¬ 
trate the unne following vasopressm is unpaired m both diabetes 
insipidus and compulsive water drinlocg A similar impairment can be 
demonstrated m normal subjects dnnkmg 8-12 htres of water a day 
(Fig 23 3) It would appear to be unrelated to the expansion of the 
extracellular flmd or blood volume It is more likely to be due to some 
change m the renal medulla consequent upon the mcreased rate of 
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flow of hypotonic urine. In a patient with diabetes insipidus the 
abihty to concentrate the urine takes several days or weeks to return 
to normal after starting treatment with vasopressin. 

It is interesting to note that patients with long-standing polyuria 
and polydipsia excreting hypotonic urine may also have a reversible 
impairment in their ability to acidify the urine. To the unwary this 
combination of polyuria and polydipsia with an impaired ability to 
concentrate and acidify may suggest a diagnosis of renal tubular 
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Fig. 23.3. Uiine concentrations following the intravenous administration of 
vasopressin, and after a 26-hour period of fluid deprivation, before and at 
the end of drinking about 10 1. of water a day for 11 days. The plasma 
osmolarity varied between the limits indicated by the two parallel 
horizontal lines, (de Wardener and Herxheimer, 1967, /. Physiol.) 


acidosis secondary to renal disease. This is a diagnostic trap into which 
only the sophisticated who measure these various tubular functions 
may fall. On the other hand, they are the ones best qualified to inter¬ 
pret these findings correctly. 

The patient’s ability to secrete ADH is sometimes tested by other 
means than fluid deprivation. For instance, the supraopticohypo- 
physeal system can be stimulated by intravenous nicotine, or by 
suddenly raising the plasma osmolality with an infusion of hypertonic 
saline. Nicotine acid tartrate (3 to 6 mg.) is given intravenously; it is 
only effective if it induces severe nausea and vomiting, but even if 
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these unpleasant symptoms are produced some normal subjects may 
fail to respond Tlie hypertonic saline test is performed by infusing 
2 5 g per 100 ml saline at a rate of 025 ml /ig of body weight per 
minute, an hour after tlie oral ingestion of 20 ml /kg of ^\ater The 
unne flow should fall, but occasionally the water diuresis is replaced 
by a saline diuresis and the unne flow docs not change materially 
(particularly m hypertensive women) Another disadvantage is that 
m elderly patients the large infusion of saline may precipitate heart 
failure Neither of Uiese two manoeuvres gives as much mfonnation 
as a properly controlled penod of fluid deprivation, which is m any 
case a more ph>siological stimulus to ADH secretion 

General Effects fbllowiag the Adniuustration of a Long-Acting Vasopressin 
Preparation 

If a patient suflenng from compulsive water drinking is given a 
long acting vasopressin preparation, le vasopressin tannate m oil 
Uicrc IS a considerable decrease m unne flow even if the tubules 
capacity to concentrate is scnously unpaired* (see above) But usually 
thirst continues unabated, the intake of water exceeds the output, and 
overhydration develops There is abdominal distension, headache, 
drowsmess, and sometimes nausea and vomitmg In striking contrast, 
therefore, to patients suflenng from diabetes msipidus. cases of com- 
puisne water dnnking complain of Uie vasopressm injections, often 
with much vehemence and bitterness Occasionally, both the patient 
and his attendants are unaware that the onset of nausea, headai^e and 
drowsmess is related to the administration of vasopressm Instead 
these symptoms are considered to be additional evidence m favour of 
an intracranial lesion in the vicuuty of the neurohjrpophysis, and 
therefore of a diagnosis of diabetes insipidus 

Plasma Osmolality 

The plasma osmolahty of patients suffenng from diabetes insipidus 
and compulsive water diking is compared m Tig 23 i with that of 
normal subjects The mean osmolahty m diabetes msipidus (293 ± 15 
m Osm /kg) is significantly higher than m the normal subjects 
(280 ± 6mOsm /kg), whereasmcompulsive waterdnnkmg (2C9 ± 14 
raOsm/kg) it is significantly lower These findmgs are m keepmg 
with the aetiology of the two conditions In patients with diabetes 
msipidus the mitial disturbance is polyuna and the excessive dnnkmg 
IS a normal response to the contraction and concentration of body 

* Vasopressm con louer the unne flow from 10 to 3 ml /mio. without the conceatia 
tioa of the urine nsing above SG 1 012. higher concentrations only occur at lower 
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THE KIDNEY, GLYCOSURIA AND 
DIABETES MELLITUS 


Glycosuria 

It has been pointed out in Section 5 that the quantity of glucose 
which passes through a glomerulus in one minute is the product of the 
filtration rate and the plasma glucose, and that normaUy the urine 
IS free from glucose because this filtered glucose is reabsorbed in the 
proximal tubule. The rate at which glucose can be reabsorbed, 
however, IS limited, and at normal glomerular filtration rates many of 
the tubules cannot reabsorb a greater amount than that which is 
delivered to them when the plasma glucose is about 170 mg. per 100 ml. 
ihe appearance of glucose in the urine therefore denotes that either; 
(1) a normal tubular reabsorbing capacity for glucose has been exceeded 
y an increased rate of delivery through the glomerulus; or (2) a 
reduced reabsorbing capacity of some, or most, of the tubules has b^n 
exceeded, though the rate of delivery is normal. 

increased glomerular filtration rate, so 
to reabsorb glucose is normal the 
dfa wTTu f to hyperglycemia, as in 

enteroSnm^^ ^ Cushing’s disease, or following a gastro- 

ghicoS? """ excessively rapid intestinal absorption of 

canSftv an? ftth a diminished tubular reabsorptive 
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Ifithe Sab.n?- diabetes," names which only confuse). 
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differenkte beW T glycosuria the simplest way to 

to estimate the rn ^ ^^Jglycaemic glycosuria, and renal glycosuria is 

takeuTt the ^he blood should be 

the midpoint of a short urine collection period, preferably 
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during a fast If tius test is not decisive a glucose tolerance test should 
be done 

There are three other vanations on this theme of glomerular supply 
and tubular xeabsorption of glucose whidi are climcally important 

1 If, m a patient suffering from diabetes and renal glycosuria, 
insulin dosage is being adjusted accordmg to the output of glucose m the 
unne, hypoglycienna may be mduced This often occurs in pregnant 
diabetics 

2 Very occasionally, contraction of the extracellular fluid space 
in diabetic acidosis may cause such severe renal vasoconstnction and 
fall in glomerular filtration rate that, though there is hyperglycemia, 
the amount of glucose being dehvered to the tubule may still be v/ithm 
its reabsorbmg capacity, and no glucose appears m the unne (p 79) 

3 Finally, there are those rare cases of glycosuna associated with 
a normal blood sugar in ^vhlcb dimuushed tubular capaaty to reabsorb 
glucose is not an isolated bcmgn functional lesion, but is only one of 
many similar but more senous abnormahties of tubular function, i e 
Tancom’s syndrome (p 2U) 

Diabetes Melhlus 
The following renal disturbances occur 

1 Disturbances of renal function in the absence of ketosis 

2 Disturbances of renal function during ketosis 

3 Diabetic nephropathy 

4 Pyelonephritis 

Disturbances of Renal Function in the Absence of Ketosxs 

The glycosuna of diabetes is secondary to hyperglycamia But its 
extent may give a nusleadmg impression of the height of the blood 
glucose, for patients wath diabetes often have renal glycosuna, and 
glycosuna may therefore be present when the blood glucose is normal 
Paradoxically the glucose Tm (p 79) is ra\$ed m diabetes, the cause 
of this teleologically reasonable jibenomenon is not known, it tends to 
subside after the administration of insulin The simultaneous presence 
of renal glycosuna and a raised glucose Tm is presumably due to a 
splaymg out of the mdividual nephrons capaaty to reabsorb glucose 
The osmotic diuresis provoked the glycosuna causes many of 
the charactenstic features of diabetes meUitus, for it is responsible for 
a high urmary excretion of water, sodium and potassium, which gives 
rise to polyuna, thirst and lassitude 

As glucose is a dense molecule, anoe that contains glucose iviJl 
tend to have a higher specific gravity than its colour would suggest, 

1 e a pale urme may be found to have a specific gravity of 1026 
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Disturbances of Renal Function during Ketosis 

The urine in diabetic ketosis is acid and is characterised by an 
increased excretion of glucose, water, sodium, potassium and ketones, 
including j8-hydroxybutyric acid. In severe cases there is metabohc 
acidosis, severe dehydration with a raised plasma sodium concentration, 
and a contraction of the extracellular fluid volume and the blood 
volume. The metabohc acidosis is caused principally by an accumu¬ 
lation of ketones due to an increased rate of ketone production, and 
ultimately there may also be some impairment in the kidney’s abihty 
to excrete hydrogen ions and ammonia. This impairment is due to 
both the sodium and potassium deficiencies which follow a prolonged 
osmotic glucose diuresis (Fig. 24.1). Potassium deficiency diminishes the 
tubule’s abihty to form a urine of maximum acidity wHch reduces the 
transfer of ammonia from the tubule ceh to the tubule lumen. And 
severe sodimn deficiency decreases the tubule’s capacity to form 
ammonia. In consequence the acidosis is increased and the ketones in 
the urine are excreted with sodium and potassium ions, thus aggravat¬ 
ing their deficiencies. Although there is an overall potassium deficiency 
there is often a shift of potassium out of the cehs so that the concen¬ 
tration of plasma potassium tends to be raised, a phenomenon which is 
reversed by the administration of insulin. 

The loss of salt and water causes contraction of the extraceUular 
fluid space and the blood volume; renal vasoconstriction foUows and 
there is a reduction in renal blood flow and glomerular filtration rate, 
with a rise in blood urea. The fall in glomerular filtration rate also 
reduces the urinary excretion of ketones, and this further aggravates 
the metabolic acidosis. Occasionally, in very severe cases, filtration 
may fall to such a low rate that all the glucose and ketones which are 
filtered are reabsorbed by the tubules and none appear ui the urine; 
this may cause considerable diagnostic confusion. The fall in glomerular 
filtration is also due in part to potassium deficiency, and this probably 
accounts for the slow recovery of renal function that sometimes follows 
the treatment of diabetic ketosis with only saline and insulin. 

Acute renal failure with acute tubular necrosis may occur in the 
most severe cases. 

Treatment 

Insulin and antibiotics are given first, but to improve renal function 
it is ^sential to correct rapidly the negative sodium, water and 
pot^simn balances. Large quantities of isotonic sodium chloride and 
sodium bicarbonate (p. 197) are administered intravenously, and when 
the blood glucose has begun to settle, 5 per cent glucose is also given. It 
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IS unwise to give potassium solutions intravenously until, or unless, 
the unne flow is brisk, and the acute phase of the ketosis has passed, 
for the concentration of plasma potassium is often very high (see above) 
These measures (except for potassium adnunistration) are under¬ 
taken even m the presence of acute obguna, for though they may be 
too late to prevent the development of acute tubular necrosis, their 
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administration may limit ttie extent of the damage. Sometimes the 
blood pressure is very low, when it must be raised with blood trans¬ 
fusions, for a combination of renal vasoconstriction and hypotension 
is particularly likely to cause complete renal ischaemia and necrosis 
(p. 145). In most instances the blood pressure rises and the urine 
flow returns within a few hours of giving saline, and it becomes clear 
that acute tubular necrosis has not occurred. 

Diabetic Nephropathy 

Widespread vascular abnormalities occur frequently in long¬ 
standing diabetes. They differ from the common forms of hypertension 
or atheromatous vascular changes and are situated in the retinal veins 
and arteries, the arteries to the peripheral nerves, and the renal arteries 
and capillaries. 

Pathology 

The kidney may be of normal size or even a little larger than 
normal. The vascular lesions involve the glomerular capillaries and 
both the afferent and efferent arterioles. Their distribution may be 
widespread or focal, and the capillary lesions tend at first to involve 
only one part of a glomerulus. 

In the glomeruli there are two principle lesions. One consists of 
globular, eosin staining, amorphous masses of basement membrane 
material focally distributed within the glomeruli. The other consists of 
lobular stalk thickening with eosinophilous material. The first lesion is 
known as the Kimmelstiel-Wilson lesion but it is probable that both 
are different stages of the same process for the globular lesions occur 
mainly after the diffuse lesions are well estabhshed. The globular 
masses tend to occur at the periphery of one of the capillary loops, and 
eventually, as they enlarge and multiply, they obliterate the tuft 
(Fig. 24.2). The capillaries which give rise to these excrescences are 
dUated and appear to be obstructed. The changes associated with 
lobular stalk thickening may also obliterate the glomerulus, and may 
do so without the typical Kimmelstiel-Wilson lesion being present. 
Occasionally there are also some exudative lesions of protein-like 
substance containing high quantities of fat usually originating and 
attached to Bowman’s capsule. Very rarely the appearances are 
identical to those of membranous glomerular nephritis, with a diffuse 
even thickening of the glomerular capillary walls. 

The electron microscope shows that the basement membrane is 
enormously thickened and that the globular masses at first lie in the 
endothelial cells. ^ The epithelial cells often have disorganised foot 
processes, sometimes these are no longer distinct and instead are 
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converted into lar^e islets of cytoplasm covering the outer surface of 
the capillary 

The glomerular lesions are usually loundjn assoaation with gross 
thickenmg of the afferent and efferent arterioles (mainly the afferent) 
of the glomemh mv olved The artenolar walls keep their sharp outline 



Fig 24 2 Diabetes (KimoieUbel Wilson lesions) Schema Ulustratiag the 
peripheral <li$tnhu traa m the glomerulus ot charaetenstie deposits oi 
eosia staining material and bow eventually they may entirely fill the 
glomerulus Ibe non specific lesions which also occur in diabetic nephro¬ 
pathy (see text] are not shown 

(unhke the appearances m fibnnoid necrosis), but are widened by some 
matenal which stains a deep and vivid pmk wth haamatoxyhn and 
eosin, the composition of this substance is not knovm, it is not collagen 
or basement membrane like matenal 

The tubules show simila r changes to tliose found m persistent 
glomerular nephntis, and very occasionally the provimal tubules 
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contain large quantities' of glycogen. The interstitial tissues contain 
varying collections of chronic inflammatory cells in proportion to the 
number of glomeruli which are disintegrating. 

Finally, the changes of hypertension and chronic or acute pyelo¬ 
nephritis are frequently found superimposed upon those just described. 

Clinical Features 

The first sign is proteinuria. It develops in most patients who have 
had the disease more than 10 years. There is a disputed claim that 
good control of the blood sugar with insulin and dietary measures 
lessens the incidence. This is unlikely to be an important factor for 
there is increasing biopsy evidence that the lesions can be present 
before the onset of glycosuria. Young males are particularly prone to 
develop diabetic nephropathy, though in absolute numbers most of the 
patients are middle-aged and elderly women. 

At first the proteinuria is often intermittent, but gradually it 
becomes persistent and increases in extent. Occasionally there is a 
nephrotic syndrome. Retinal, peripheral nerve lesions and, in the 
older patients, severe atheroma, develop at the same time as the renal 
lesions. Patients over 50 years of age usually present with hypertension 
or peripheral arterial disease. 

The average duration of survival after the onset of proteinuria is 
about five years; it is longest in the young. Death is rarely caused by 
diabetic nephropathy itself except in the young who may die of chronic 
renal failure or of an infection comphcating a nephrotic syndrome. 
The majority of patients succumb to coronary thrombosis, hyper¬ 
tensive cardiac failure or cerebrovascular accidents before the renal 
lesions are sufficiently advanced to produce any substantial changes 
in renal function. 

Chronic renal failure associated with the classical lesions of diabetes 
has been found in patients who have never had glycosuria and in whom 
the diagnosis of diabetes has not been made. It is probable that in 
some of these patients, owing to a combination of a low glomerular 
filtration rate and a greatly increased ability to reabsorb glucose, there 
was no glycosuria, though there may have been hyperglycasmia. In a 
few patients the blood glucose have been measured and found to be 
noim^, though at post-mortem there was, in addition to the charac¬ 
teristic diabetic renal lesions, widespread hyalinisation of the islets of 
Langerhans. 

Relationship between Clinical and Structural Features. Electron 
microscopy studies on meal biopsies from diabetic patients are 

egiiming to show that the changes in the glomerular basement 
membrane probably precede the onset of proteinuria by several years. 
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It has also been established tliat electron microscopy abnormalities 
appear about five years after the dimcal onset of diabetes, whereas 
light microscopy changes begin to be obvious after 10 years The 
histological changes are the same when the diabetes follows pancreatitis 
or hemochromatosis 

The extent of the protemuna is greatest with severe structural 
changes, otherwise there does not appear to be any close relation 
beti\een the lustological appearances and renal function Occasionally 
there may be well-marked lustological change without protemuna or 
impairment of renal function \Vhen light microscopy lesions are 
evident it is usual to be able to discern diabetic retinal lesions inth an 
ophthalmoscope This relationship is so <dose that the finding of 
retinal changes is a good indication that renal changes are present 
whether or not there is protemuna 

It is important, though confusing, to point out that dmically it is 
impossible to predict the presence or absence of Kimmelstiel Wilson 
lesions Not mfrequently ^ese specific lesions will be found m patients 
who have never bad protemuna or other evidence of renal disease 
Many diabetic patients dymg from renal failure subsequent to a 
nephrotic syndrome may not show the characteristic focal lesion though 
all will have the diffuse lesions 

Treatment 

Recently there have been a few claims that the vascular lesions 
regress and that protemuna ceases foUowmg hypophysectomy Even 
so. It is difficult to advise a patient to have such an operation at the 
onset of his symptoms, later, when there is blindness or renal failure 
the lesions are likely to be irreversible Perhaps in the future it may 
be possible to inhibit an tenor pituitary function by some less iirevocable 
and dangerous method. It has been claimed that as the nephropathy 
progresses certam patients require less insulin 

Pyelonephntis 

Diabetics are liable to infections in any site, and the kidneys are 
no exception Acute and chronic pyelonephritis often accompany the 
renal vascular changes described above Acute pyelonephntis is 
always accompamed by diabetic aadosis 

Acute necrotismg papilhtis occurs more frequently m diabetes tlian 
in any other condition, but is seldon seen 

Treatment 

Whereas the vascular lesions are untreatable the mfections can be 
controlled It is of the greatest importance m diabetics to be alwajs 
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on the look out for urinary infections, for if they are overlooked the 
combination of mfection and vascular damage is rTSffethar 
Renal infections should be treated in the way ouflined eariSV M6) 
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RENAL DISTURBANCES IN PREGNANCY 

1. Physiological changes: 

Renal blood flow and glomerular filtration rate. 

Lactosuria and glycosuria. 

Orthostatic proteinuria. 

Ureteric and pelvic dilatation. 

2. Renal infections. 

3. Renal changes associated with toxamia of pregnancy and eclampsia. 

4. Acute renal failure. 

5. Pregnancy and pre-existing chronic renal disease. 

6. The incidence of other renal diseases during pregnancy. 
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MONTHS OF PREGNANCY 

Fig. 25.1. Schema of the changes in renal blood flow and glomerular filtration 
rate which take place during pregnancy. 
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PHYSIOLOGICAL CHANGES 
Renal Blood Flow and Glomerular Filtration Rate 

In early pregnancy there is a substantial nse m renal blood flow and 
glomerular filtration rate, and by the fourth montli both have increased 
by about 40 per cent Subsequently the renal blood flow gradually 
subsides, and by the end of the eighth month it has returned to normal 
Glomerular filtration rate follows a similar pattern except that some 
increase remains imtil the end of pregnancy (Fig 25 1) 

The mcrease m glomerular filtration rate together with the 
diminished protem breakdown of pregnancy cause the blood urea to 
be considerably lower than normal eg !5mg per 100 ml Unless this 
mcrease m glomerular filtration rate and fall m blood ureaisapprcciated 
a false impression of renal fimctional efficiency durmg pregnancy may 
be held Either an underlying renal disease is unsuspected because the 
filtration rate and blood urea are within normal (i e non pregnant) 
limits, or a sudden deterioration m renal function after pregnancy is 
erroneously considered to be evidence that pregnancy has injured the 
kidneys If during pregnancy the glomerular filtration rate is lower 
than the “ non pregnant '* normal rate, or the blood urea is raised 
above the normal ' non pregnant " concentration, it is evidence of 
considerable unpaument of renal function, and perhaps extensive 
structural damage 

Glycosuzia and Lactosuna 

^lost women during pregnancy excrete an mereased quantity of 
both glucose and lactose Glycosuria is due to a lowered renid threshold 
for glucose reabsorption Lactosuna is simply related to the presence 
of lactose m the mother's blood as it is not reabsorbed by the tubules 
all that IS filtered through the glomerulus appears in the urme 

After delivery glycosuna rapidly disappears and there is an mcrease 
m both the madence of lactosuna and tlie amount that is excreted 
At one time glycosuna after the oral ingestion of glucose was 
suggested as a test of pregnan^ 

Orthostatic Proteinuna 

The mcidence of orthostatic protemuna vanes considerably, some 
reports state that it is as lugh as 20 per cent It is probably caused by 
(1) an exaggeration of the normal mechanism for ortliostatic pro¬ 
temuna, le a lordosis which rotates the hver forwards, thus com¬ 
pressing the mfenor vena cava and causmg a nse m renal venous 
pressure, and (2) uterme compression of the left renal v em as it crosses 
the midlme The first mechanism causes protein to be excreted 
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through both ureters, whereas with the second, protein is present only 
on the left side. In order, therefore, to distinguish orthostatic from 
other causes of proteinuria, the urine should be tested for protein, after 
the patient has been lying on her side. 

Ureteric and Pelvic Dilatation 

After the third month of pregnancy the ureters and renal pelves 
are usually dilated. Initially this is due to a ureteric and pelvic atony, 
possibly caused by hormonal changes accompanying pregnancy. 
Paradoxically the atony is associated with hyperplasia of the ureteric 
muscles; there is also an increase in the connective tissue within the 
ureteric walls. Later, as the uterus enlarges, it compresses the ureters 
at the pelvic brim; this mechanical obstruction is superimposed upon 
ureteric atony and the combination results in considerable ureteric 
dilatation. The ureters and pelves may contain more than 100 ml. of 
urine. It is interesting that during this period of ureteric dilatation 
there is no vesico ureteric reflux. Normally the uterus is tilted towards 
the right side and, in consequence, it is usual to find the ureteric dila¬ 
tation on the right to- be greater than on the left. After delivery 
ureteric dilatation gradually subsides in about three months. These 
changes are more marked in primigravidae than in multiparae. They 
are probably due to the increased concentrations of circulating 
eostrogens. Male rats given diethylstilbcestrol develop similar changes 
in their ureters to those seen in pregnant female rats, and at the same 
time their susceptibility to renal infection also rises. 


RENAL INFECTIONS 

Acute pyelonephritis* is the most common complication of preg¬ 
nancy. It occurs in about 2 per cent of all pregnancies and is responsible 
for a great deal of discomfort and distress, a few immediate deaths 
both of the mother and the foetus, and an unknown number of deaths 
many years later. 


iSltiology 

About three-quarters of all cases of acute pyelonephritis of preg¬ 
nancy occur in the 5 to 8 per cent of women who have persistent 
bacteruria throughout pregnancy. Unfortunately it is not possible 
to identify this group by any means other than performing a quanti¬ 
tative urine culture. Nearly all patients are asymptomatic. 


nr> -x-nfo Sometimes call the usual type of acute renal infection in pregnancy 

infprtinncFwi+t,*’*^' acute pyelonephritis for those extremely severe 

cncpnl nrtr^pv- impairment of renal function which are usually due to a staphylo¬ 

coccal organism. This is a misleading use of the English language. 
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Bacteruna is not related to previous cathetensation, past symp 
toms of urinary tract disease, or white cell excretion rate, and it occurs 
equally among women with or without amemia The madence of acute 
pyelonephnhs m women with previously sterile unne often follows 
cathetensation of the bladder dunng or shortly after dehvery 

The remarkable seventy and persistence of pyelonephntis in 
pregnancy is probably due to the dilatation, atony and compression of 
the ureters (see above) 

Cluucal Features 

The mcidence of acute pyelonephntis begins at the fourth month 
and contmues well mto the puerpenum Much of the incidence m the 
pueipenum is due to cathetensation About 15 per cent of women 
have some difficulty m mitiatmg micluration in the first few days of 
the puerpenum because of episiotomies, prolonged labour, etc They 
are hable to be cathetensed m order to relieve overdistention of the 
bladder Symptomatically the infection is either bilateral or, when 
unilateral, it is usually on the nght side Tlie physical signs and symp 
toms have been descnbed on p 287 Mild cases only complain of 
backache, they may admit to occasional fevensh symptoms or pom 
on passmg water wrth some reluctance, considering that such symptoms 
are normal m pregnancy Some attacks may be associated ivith such 
severe vomiting that the patient is thought to be suffenng from 
hyperemesis gravidarum 

As in all forms of renal infection the most helpful diagnostic features 
are ngors, fever, tenderness m the costo vertebral angles, an increased 
number of white cells and a significant number of organisms m the 
unne 

An mtravenous pyelogram should only be performed if there is 
reason to beheve that there is a calculus, an ectopic kidney, or there 
are recurrent infections difficult to control The number of films should 
be stnctly limited, for recent statistical evidence suggests that acute 
leukaemia in children may follow foetal exposure to diagnostic X rays 
A unilateral Ufl-stdfd infection is particularly hkely to be due to some 
additional disturbance of the renal tract sudi as a calculus 

Differential Diagnosis 

It IS important to stress that often in acute pyelonephntis of 
pregnancy there are no lower imnary symptoms If therefore a preg¬ 
nant woman has an unexplained fever the unne should be cultured 
immediately On the other hand it is now well estabhshed tliat over 
70 per cent of pregnant women who do complain of lower unnary 
Symptoms have a stenle unne 
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Treatment 

cuIta*gfhfurin?i>faH“ pa“t ?S''be“ " 

Sitr" n sfof tt^w' 

taus ^ ^ 

undtrtaL ^ho“Id be 

it not only lowersTe that 

substanti^y diminishes thTi^ ® Pyelonephritis but that it also 

the peri-nafalTortSS ra^ ^ -nd 

this was true in WtS U^ doubt that at one time 

West Indies which contained ^ °P®d parts of Boston, Mass., and the 
the overall incidence of toxsemia^ J^povenshed population in which 
extremely high • in those wome Pre^ancy and prematurity were 
even higher. In oThSpart7o? L bacteruria it was 

Aberdeen the incidence of tnv» d, however, such as London and 
and is no greatThi un^ prematurity is much lower 

sterile urine. Steiihsin? the iirinA f women than in women with 
and Aberdeen therefor! cann^Tw bacteruria in London 

prematurity rate. In Melbonm incidence of toxaemia or the 

is low and yet it is c!nSerabWertprematurity 
nevertheless, sterihsing tt ^"‘^teruric women, 

the incidence of prematuritv Tt ° eruric women does not lower 
overaU incidence of tox^mi Jand^ apears therefore that unless the 

Mass., or the West Indies the 

asymptomatic proteinuria of oriL obtained from treating 

acute pyelonephritis. ^ gnancy is to reduce the incidence of 

Some authorities consider that tuio • 
expense and inconvenience involwA f sufficient return for the 
pregnant women. They point out tB i- ^ culturing the urine of all 
IS easily treated and rarely lead! tn acute pyelonephritis 

Others point out that (1) the exn^ admission to hospital, 

the unne can be reduced bv cerf “convenience of culturing 

pyelonephritis is sometimes^oUo!!Th^™^^'^‘'^*'“®' 
months after dehveiy; and ^ some 

prevented, it has to be ;re“V i?i^‘'“"‘lPy?l'>«Pl>ritis is not 
o ave efficient bacteriological facilities^f f it is necessary 

of / ^'fSSested that such facilities are heft o^owiug up the patients, 
th^ Py'i°“phritis, Whatever tht** Prevent the attacks 

‘here is no doubt that pVeCTlnt ™ deliberations 

pregnant women who are known to suffer 
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from a prc-cxisting renal disease should always have their urme 
cultured 

Curative The treatment of acute pyelonephritis has been discussed 
onp 280 Tliehabihty for the urine to become remfected IS particularly 
great m pregnancy (80 per cent within six months), and treatment 
witli antibiotics should be continued until delivery and for one month 
thereafter Very occasionally antibiotic treatment is unavailmg, the 
patient’s condition detenorates rapidly and pregnancy has to be 
terminated 

Prognosis 

The ultimate prognosis following acute pyelonephntis of pregnancy 
IS not known Intravenous pyelograms performed after ddiveiy isill 
occasionally show the presence of some structural abnormality, 
including scarring and clubbing of calyces Tliere is now little doubt, 
however, that most li not all these abnormahlics precede the acute 
attack of pyelonephntis and are more often precipitatmg factors 
rather than the results of the acute attack It is probable that most of 
the claims that acute pyelonephntis of pregnancy causes extensive 
renal damage, followed eventually by c^mc rural failure, hyper* 
tension and death hate been based on patients with childhood pyelo- 
nephntis (p 292) who happen to have had acute pyelonephntis during 
pregnancy The prognosis m such women is likely to be very different 
from those whose kidneys show no radiological abnonnahty 

Geographical DifTerenccs 

It is mterestmg to note that the madence of radiological abnor¬ 
malities of the kidneys m bacterunc women difiers considerably from 
one place to another In London there does not appear to be any 
relation between the two whereas m Melbourne about half the women 
with baetcruna have some renal structural abnormality mcludmg a 
great many with evidence of *' chronic pyelonephntis " It is becoming 
clear that the whole subject of renal infection m pregnancy presents 
regional differences and that these should be kept m mmd 
when discussmg any aspect of the subject 


R£NAL CHAhCES IN TOXiEMlA OF PREGNANCY AND 
ECLAMI^IA 

The term toxaemia of pregnancy is a semantic cunosity attached to 
an ill-defined syndrome of unknown cause, its most severe form is 
associated with hypertensive enc^halopathic convulsions, when it is 
^aropsia There is no coovincmg ewdence that toxamia of 
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pregnancy is due primarily to a disturbance of renal function, though 
the kidneys are involved together with many other organs. Only the 
renal structural and functional disturbances are discussed here. 

Pathology 

The microscopical appearances have been studied by renal biopsy 
before and after delivery. There are two changes evident and they 
are both situated in the glomeruli. The one seen most frequently 
consists of minimal endothelial cell prohferation with widespread 
conspicuous swelling of the cytoplasm of both the endo- and epithelial 
cells of the glomerular tufts, more marked in the endothehal cells. 
These changes diminish the lumen of the capillaries and give the 
glomeruh a " solid ” appearance. They disappear rapidly after delivery. 

The other glomerular change is seldom found and is always in 
combination with the one just described. It consists of focal thickenings 
of the basement membrane; it appears to be less reversible than the 
first. 

In autopsy material from multiparae or elderly primiparae who have 
died from eclampsia small crescents of proHferated capsular cells can 
be seen in the glomeruh. 

Discussion on the Cause of the Renal Structural Changes 

It is hkely that the initial abnormahty in toxaemia of pregnancy 
is ischaemia of the placenta. This may be due either to vascular disease 
of the uterine arteries such as that associated with pre-existing hyper¬ 
tension, or to some less obvious cause such as circulating placental 
antibodies formed by the mother. In some way that is not clear 
placental ischaemia then causes the release of a clot-promoting agent 
into the circulation which produces intravascular clotting. Fibrin and 
its breakdown products then accumulate on the surface endothelium 
of the vascular system including the glomerular capillaries where it is 
absorbed into the endothehal cells and causes them to swell and 
proliferate. 

This sequence is supported by the following evidence. (1) There is 
both anatomical and functional evidence that the irrigation of the 
uterus by blood is impaired in toxaemia of pregnancy. (2) The blood of 
pregnant women contains am increaised concentration of cryofibrinogen, 
and this rises considerably in toxaemia of pregnancy (and when preg¬ 
nancy is comphcated by infection). (3) Immuno-fluorescent studies on 
renal biopsies have shown that there is a striking accumulation of 
fibrinogen derivatives within the endothehal cehs, whereas gamma 
globuhn and complement are not demonstrable which provides strong 
evidence against an immunological basis for the glomerular lesion. 
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(4) In some instances fibnnoid deposits are found m the glomerular 
tufts, and m especially severe cases occlusive masses of fibnn are found 
m the glomerular capillaries, sometimes leading to cortical necrosis 

(5) Glomerular lesions similar to those observed m toxemia of preg¬ 
nancy can be produced m rabbits by mducmg a slow prolonged state 
of mtravascular coagulation 

Renal Function 

It IS a remarkable fact that the renal blood flow m toxaimia of 
pregnancy is frequently wthin normal limits, though there is wde 
variation both above and below normal The commonest abnormahty 
is 1 fall m glomerular filtration rate it may fall to 50 ml /mm ivithout 
a decrease m renal blood flow It is possible that the depression m 
glomerular filtration rate is due to tlic cytoplasimc swelling of the cells 
lining the glomerular tufts The fall m filtration rate often bears no 
relation to the chmeal seventy of the toxaunia After delivery there is a 
sudden use m filtration rate and for a short time it may reach 250 ml / 
mm , there is an accompanymg diuresis and unne volumes up to 550 ml 
an hour have been desenbM 

In severe eclampsia there is a generalised penpberal vasoconsinction 
and as m all clmical conditions associated with generalised vasocon 
stnctioa it IS particularly marked m the kidney Renal ischsmia may 
be sufficiently prolonged and extensive to cause acute tubular necrosis 
and acute renal failure 

The oedema and oliguna of toxaemia m pregnancy have not been 
explamed satisfactorily Tlie unnary excretion of ketogemc steroids 
and aldosterone is either normal or decreased Measurement of total 
exchangeable sodium has given conflicting results There is no agree 
ment whether the oedema is due to sodium retention or to a shift of 
sodium 

Hypertension is a constant accompaniment of toxaemia of preg- 
nauicy It has repeatedly been shown that it can be present wthout any 
detectable change m renal blood flow It would seem, therefore, that 
the hypertension of toxaemia of pregnan<y is not caused by an overall 
change m renal circulation, but it may still be related to some mtrarenal 
circulatory disturbance 

Protemuna nearly alw'ays occurs and presumably results from the 
structural changes in the glomeruh 

Clmical Features 

Toxiemia of pregnancy occurs most frequently m pnmigravids and 
m women who have a persistent nse in blood pressure before the start 
of pregnancy 
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The disease is characterised by hypertension, oedema and protein¬ 
uria. It is not an acute nephritic s 5 mdrome, for the jugular venous 
and right auricular pressures are usually normal, i.e. pulmonary venous 
congestion does not occur, except very occasionally in the terminal 
phase of eclampsia. Nor does it fit within the definition of a nephrotic 
syndrome, for again, with the exception of very severe cases, the plasma 
protein concentrations are relatively normal or are altered to only a 
minor extent, and proteinuria is never greater than 5 g./ 24 hours. 

The onset takes place after the first twenty weeks of pregnancy and 
is most common in the last six. It can be predicted to a certain.extent, 
for it occurs in those women who have put on weight too rapidly, 
though 50 per cent of these will have a normal pregnancy. The first 
symptoms may be headache or dizziness due to the rise in blood 
pressure, or there may be oedema, or the patient may have symptomless 
proteinuria. The upper normal limit of the blood pressure in pregnancy 
is about 120/80 and a rise above this level may precede the onset of 
oedema, or proteinuria, by many weeks. As the blood pressure rises 
there may be visual disturbances from vascular changes in the retinas; 
hypertensive encephalopathy is nearly always preceded by intense, 
boring frontal headache. In some cases there may be epigastric pain, 
sometimes of great severity. From the initial S 3 nnptom to the first 
convulsion the syndrome may be telescoped into a matter of hours; 
fortunately the development of symptoms is usually slower. There is 
always some degree of oliguria. With the convulsions there may be 
temporary anuria, and very occasionally acute renal failure develops. 
Unless there is acute renal failure the specific gravity of the urine 
during a period of oliguria is high. 

After delivery the symptoms and signs usually subside rapidly, 
though in exceptional cases the most prominent features of the disease 
may occur in the first two or three days of the puerperium. 


Relation between Clinical and Structural Features 

Excluding those exceptional cases of eclampsia who develop acute 
renal failure from tubular necrosis or widespread arteriolonecrotic 
lesions, there seems to be little relation between the severity of the 
pathological lesions and the clinical picture; the changes in mUd 
toxffimia and in eclampsia may be identical. There is a good correlation 
however, between the histological changes and the plasma concentration 
of uric acid. The rise in uric acid is due to a simultaneous rise in plasma 
lactic acid which accelerates tubular reabsorption of uric acid, and thus 
diminishes uric acid excretion (p. 79). The cause of the rise in lactic 
acid is obscure: it is probably related to ischaemia of the placenta. 
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Differential Diagnosis 

It IS essential to exclude contamination of the unne by protein from, 
vaginal discharge 

If persistent protemuna is found before the twentieth week it is most 
unlikely to be due to toxaemia of pregnancy At this time the most 
common causes of profeinuna are orthostatic protemuna and chronic 
renal disease Excluding acute pjdonephntis, which is not diflacult to 
diagnose, other acute renal diseases are very rare during pregnancy 
(p 330) Other causes of protemuna include cardiac failure, severe 
anaemia and renal tuberculosis 

If the urme xs not exammed before the tw enticth week, and protem 
una is found subsequently all these causes of protemuna must be 
considered as well as the probabihty of toxamia of pregnancy 

Not many patients with toxaemia of pregnancy have a urinary 
mfection. But a large proportion of women with rachological evidence 
of childhood pyelonephntis develop toxaemia when pregnant 

Prognosis 

The immediate prognosis of toxsmia of pregnancy is excellent, 
unless there arc fits, the raortahty of eclampsia vanes between 
KMO per cent, one of the causes of death being acute renal failure 

The ultimate prognosis is difficult to assess Following toxaemia of 
pregnancy some women de\ elop a persistent nse in blood pressure and 
their prognosis is then that of hypertension, mdudmg its effects on the 
kidney This would seem to indicate that toxsmia of pregnancy may 
cause persistent hypertension Nevertheless statistical evidence shows 
that the mcidence of hypertensive vascular disease m women is the 
same whether or not they have borne children The conclusion, which 
IS generally accepted, is that persistent hypertension foUoiving toxsmia 
of pregnancy only develops in women who were mevitably bound to 
have a nse m blood pressure later, and that the toxiemia of pregnancy 
has only accelerated its onset The situation is compheated further 
by the fact that m a few patients it has been demonstrated tliat 
persistent hypertension following toxamua has been due to renal artery 
stenosis It is clear that persistent hypertension following toxasmia 
should always be thoroughly mvestigated 

The madence of persistent hypertension following toxeemia of 
pregnancy vanes considerably in different senes One report states 
that it IS 20 per cent follo^ving eclampsia and 40 per cent following 
non*convulsive toxsmia This paradox is attnbuted to (1) the fact 
that non-convulsive toxanua usually lasts longer than eclampsia, for 
there is a positive correlation betiveen the duration of toxiemia and 
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residual hypertension, and (2) the diagnosis of non-convulsive toxsemia 
IS often uncertain and may include some patients who had hypertension 
befOTe pre^ancy who may, therefore, only have essential hypertension. 
■ published evidence that toxaemia of pregnancy rives 

rise to chronic renal disease other than that which may accom^ny. 

hypertension. Occasionally, however, a patient whose 
unne is ^own to have been protein-free before pregnancy develops 
persistent proteinuria without hypertension afterygnancy, havri^ 
Lter pregnancy. Biopsy of such patients sevLl year! 

nolLoi^ membrane. The prognosis in these patients is 

her toxemia of pregnancy in 

is Ibon the incidence of toxemia in the second pregnancy 

oxt^ia thf f woman has had non-conwlsive 

SeZncvl Z ^ with a subsequent 

SSk and ^re f ^1^'ghtly less foUowing 

pregnLcies. ^ ^ persistent hypertension between 

Treatment 

putdZonLlP3"r.^^ to occur in women who avoid 

Lt thfee months If 'r Z than 10 lb. in the 

low-calorie diet is are exceeded a low-salt, high-protein, 

the position has befn ma^uster''”''“ supplements until 

is b2?rLtZdZveJ itself the best treatment 

that it should be as salt-frL^LT to that described above, except 

and treated vigorouslv If thp^W ^"tection should be looked for 
increasing proteinuria and thp rt Pmssure continues to rise, with 
tensive drugs or soinal an fi, ®''^®^°pment of retinal changes, hypo- 
salt restriction and bed re^^a effect of the 

continued and uncontmll hP ^ 

terminated. The treatment f h pregnancy must be 

in sedation, lowering the bln ? yp^rtensive encephalopathy consists 

. It is imporZ fo £ep t mST “f 

m order that its treatment may not mtty develop, 

renal FAILURE DURING PREGNANCY 

usua^IeTerSS SX^r R Ss^tSrT'l “ 

iL occurs at the end of pregnancy, 
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when it IS a complication of pre eclamptic toxasmia, accidental hjemor- 
rhage or post partum hsmorrhage 

Acute Renal Failure Complicating Abortion 

The cause is loss of blood, reduction m blood volume and intense 
renal ischaemia (p 92) The frequency with which this eventually 
causes renal failure m abortions is presumably related to the prolonged 
penod of renal ischaimia which occurs before qualified medical help is 
souglit Most of these patients suffer from pelvic sepsis, often ivith 
Cl icelchtt or Siaph aureus Death occurs m approximately half the 
cases and is nearly always due to sepsis, not to renal failure 

Acute Renal Failure m Late Pregnancy 

Agam the cause of the renal lesion is renal ischimia resultmg from 
htemorrhage It is possible that m addition there may be a direct 
nervous vasoconstncting stimulus from the uterus to the kidneys 
(p 93) And m some cases when it» associated with toxsmia, to the 
deposition of fibnn withm the glomerular capillaries 

Acute tubular necrosis is much more common with accidental 
hiemorrhage (approximately 12 per cent of all cases) than following 
postpartum hemorrhage, and yet the blood pressure remains unchanged 
or uses in the former and tends to fall in the latter The most likely 
explanation is that the compensatory renal vasoconstnction which 
accompames the reduction m circulating blood volume following 
postpartum hsmorrhage is not so great or so prolonged as in accidental 
hamoirhage 

Occasionally eclampsia may cause acute renal failure because of 
widespread artenolonecrotic lesions, sumlar m all respects to those 
found m malignant hypertension 

Death occurs m an imcertain number and is usually due to 
irreversible renal failure associated with extensive cortical necrosis 

Pathology 

The ischaemic tubular necrosis may be focal as descnbed on p 147, 
or may be so extensive that the entire cortex is involved, when the 
condition is known as " cortical necrosis ’* In the more severe and 
extensive lesions the arteries are also necrosed and contain thrombi 

Clinical Features, Course and lYeatment 

Diagnosis is often delayed because the focus of concern is mitially 
on the poor circulatory state of the patient The clmical features and 
treatment of acute renal failure have been descnbed on p 147 
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One of the aims of treatment is to prevent the development of acute 
renal failure. In eclampsia the use of h 3 rpotensive drugs or caudal 
anaesthesia to produce a widespread vasodilatation will not only lower 
the blood pressure and control the convulsions, but will diminish the 
renal vasoconstriction and prevent tubular necrosis. Often the quantity 
of blood that has been lost is underestimated for the clinical signs of 
blood loss may be trivial. Quick, repeated, bedside blood volume 
measurements with small computerised machines can be very helpful. 
If uterine stretch is considered to be an important factor in the acute 
renal failure of accidental haemorrhage it would seem reasonable to 
rupture the membranes as soon as the diagnosis of accidental haemor¬ 
rhage is made. 

The importance of infection in acute renal failure following abortion 
is such that all these patients should be given large doses of penicillin 
and ampiciUin on admission (i.e. immediately after a high vaginal 
swab has been obtained for ciilture). Neither pelvic infection early in 
pregnancy nor an enlarged uterus late in pregnancy is a contra¬ 
indication to peritoneal dialysis provided the catheter is inserted high 
in the abdomen. ' . . ' 


PREGNANCY IN RELATION TO PRE-EXISTING CHRONIC 
RENAL DISEASE 

Opinions vary. Addis, after a long experience, stated that " There 
is no instance in which we can be sure that the renal lesion interfered 
with pregnancy. There is no evidence that any of them have been 
harmed by pregnancy.” Other authors are less sanguine. The opinions 
^ven below are those most widely held; there is little quantitative 
information available. 


The Effect of Chronic Renal Disease on Pregnancy 

The outstanding fact is that women with chronic renal disease 
(particularly glomerular nephritis) are usually sterile. Those who do 
become pregnant are extremely liable to abort at the third to the fifth 
month of pregnancy, or to develop accidental hseiiiorrhage later. 
Toxaemia of pregnancy and eclampsia are uncommon complications. 

ome women have a normal pregnancy, though the foetus is apt to be 
small. It is probable that the prognosis depends on the height of the 
blood pressure before conception, as well as the extent of the renal 
ai ure. Because of the dangers of accidental haemorrhage it is usual 
o terminate pregnancy, if the foetus is sufficiently large, at about the 
thirty-third week. 
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The Effect of Pregtuncy on Chrome Renal Disease 
With glomenilar nephritis the issue is relatively clear cut Either 
there is a sudden deterioration m renal function, ivith increased 
proteinuna and a nse m blood pressure before the twentieth week or 
pregnancy causes no harm \Vhen there is an exacerbation of the renal 
disease some permanent additional impairment of function remains 
thereafter The proteinuna of diabetic nephropathy often mcreases 
dunng pregnancy but improves again after delivery 

With other renal diseases, such as chrome pyelonephntis or 
polycysUc disease, the prognosis depends more directly and less 
lays tenously on whether or not renal mfections are allow ed to develop 
It IS nearly always impossible to predict the probable course of 
events If a woman with chrome renal disease is anxious to have a 
child and is aware of the risks involved, it is reasonable that she should 
try and become pregnant only if her blood pressure is normal and renal 
function IS not less than SO per cent of normal Once pregnancy has 
begun, renal infections should be prevented (p 286), and renal 
function, unne deposit, the extent of the proteinuna and the height 
of the blood pressure carefully watched Pregnancy is discontinued 
at once if there is evidence of an exacerbation of renal disease 

Women with chrome renal disease and hypertension and/or moder 
ately well advanced renal failure (blood urea 100 mg /lOO ml or more) 
should not become pregnant, for any further detenoration m renal 
function may be enppUng Pregnanaes should be terminated if they 
occur 

Unilateral Kidney 

When there is only one kidney pr^nancy should not be attempted 
until the functional and structural state of the kidney has been 
exaimned, it should be remembered that a nephrectomy is often 
performed for a renal disease which may be bilateral 

Ectopic Kidney 

If both kidneys are ectopic the foetus should be delivered by 
Cjesarean section If there is only one ectopic kidney it is worth attempt¬ 
ing a normal birth, but if there are likely to be any comphcations such 
as a breech presentation, it is best to do a Csesarean section 

THE INCIDENCE OP OTHER RENAL DISEASES IN PREGNANCY 

Excludmg renal mfections, the onset of a new renal disease during 
pregnancy is very rare Acute glomoiilar nephritis is the most 
common Tliere is no difficulty m diagnosis if attention is paid to the 



340 RENAL disturbances IN PREGNANCY 

jugular venous pressure and the urinary deposit. The sudden onset of 
pulmonary congestion and rise in blood pressure excludes other causes 
of proteinuria and cedema. If the acute phase of the disease is safely 
negotiated pregnancy may continue normally with no permanent 
deterioration of renal function evident. 

Very occasionally nephrotic glomerular nephritis may develop for 
the first time during pregnancy. The massive proteinuria, the normal 
blood pressure and jugular venous pressure distinguish the diagnosis. 
Such patients have occasionally been successfully treated with cortisone 
or prednisone and had a normal pregnancy. 
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THROMBOSIS OF THE RENAL ARTERY AND VEIN 

Renal Artery Thrombosis 

An uncommon condition which occurs particularly in elderly 
patients with advanced atheromatous vascular disease who have 
previously suffered from cerebral or coronary thrombosis, or peripheral 
arterial disease. 

Pathology 

The thrombus is either in the main renal artery or it may be 
confined to one or two of its branches. With occlusion of the main 
vessel the kidney becomes smaller, pale and bloodless. If, however, 
some of the renal veins become thrombosed at the same time there will 
be localised areas of congestive and interstitial oedema. 

Clinical Features 

In contrast to renal vein thrombosis the outstanding presenting 
symptom is severe pain. The patient usually presents as an acute 
emergency, either abdominal, if the pain is in the flank or hypo- 
chondrium, or cardiac or respiratory if it radiates to the lower chest. 
Nausea and vomiting are common. 

There is acute tenderness in the renal angle and flank, but there may 
be no rigidity. Hjematuria sometimes occurs, presumably if there is a 
concomitant thrombosis of the renal veins. 

A straight X-ray of the abdomen often shows a calcified abdominal 
aorta and an I.V.P. confirms that the condition is renal, for no dye is 
secreted on the side of the pain and tenderness. At cystoscopy no 
urine is seen emerging from the ureteric orifice, but a retrograde 
pyelogram shows a normal pelvis and calyces. Subsequently the 
affected kidney becomes smaller while the normal kidney becomes 
larger. An aortogram confirms that there is no blood flow into the 
renal artery of the affected kidney. 

Prognosis 

The immediate prognosis is more concerned with the functional 
integrity of the other organs, e.g. whether cardiac failure was present 
before the renal arterial thrombosis occurred. 
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Occasionally when the patient survives, the artery recanalises and 
there is a sudden onset of severe malignant hypertension m the next 
few Vrceks due to renal artery stenosis (p 116) 

Treatment 

The patient's general condition usually precludes any measures 
other than those of anticoagulant therapy, rest and symptomatic 
treatment 

If the thrombosis occurs m a young subject, because of a localised 
structural anomaly of the renal artery, the ludney should be removed, 
particularly if the blood pressure begms to nse. 

Renal Vein Thrombosis 

Thrombosis of the renal veins is an extremely rare condition The 
thrombus may either ongmate m the inferior vena cava and spread 
laterally mto the renal veins, or it may begin m the smaller vems 
withm the parenchyma of a diseased kidney and spread medially 

Pathology 

The usual biopsy specimen obtamed several weeks or months 
after the onset of the thrombosis, usually shows merely a few msigmfl 
cant and unspecihe changes, and is only of value m a negative sense 
One renal biopsy, performed a few days after the onset, showed 
extensive interstitial cedema 

At autopsy the diagnostic feature is the findmg of a thrombus m the 
renal vem with, m long standmg cases the presence of large collateral 
venous channels betw een the capsule of the kidney and the surrounding 
tissues Microscopically the glomeruli appear normal and the tubules 
are unchanged unless there has been much proteinuria, when the tubule 
cells will contam hpoid material and collections of an cosm staiiung 
substance, though m some long standing cases there is considerable 
tubular atrophy and tubular separation 

Inferior vena caval thrombosis may be spontaneous, or may be due 
to mvasion by neoplasm, or to external compression The most 
common renal disease to give nse to mtrarenal venous thrombosis m 
adults IS renal amyloidosis, it occasionally occurs with chrome pj elo- 
nephntis In infants renal vem thrombosis is often associated with 
acute pyelonephntis 

Cluucal Features 

These depend on the rapidity of the thrombotic process, whether 
it is uiulateml or bilateral and li it is secondary to mfenor vena caval 
thrombosis 
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When the thrombosis is rapid, bilateral, and has spread from the 
inferior vena cava, there is sudden back pain extending into the 
flanks with oliguria, proteinuria and hsematuria leading to renal 
failure with oedema of the lower limbs and the anterior abdominal 
wall. Death may occur rapidly from acute renal failure. 

If the thrombosis is bilateral but the inferior vena cava is unob¬ 
structed there is no oedema of the lower limbs. In adults this is usually 
due to renal disease. In infants acute bilateral renal vein thrombosis 
often follows acute gastro-enteritis, when the thrombosis is presumably 
caused by intense renal ischsemia in otherwise normal kidneys; or it 
may be associated with acute pyelonephritis; there is usually sepsis 
elsewhere, and the sudden onset of flank tenderness and pyuria with a 
swinging fever may suggest the diagnosis. Acute renal failure and 
death are the usual outcome. 

Occasionally, however, the onset of bilateral renal vein thrombosis 
in adults (whether or not it is associated with inferior vena caval 
thrombosis) is less acute and may pass unnoticed, or the initial disturb¬ 
ance is followed by a large measure of recovery. Some of these cases 
may subsequently develop a nephrotic syndrome and, unless it is 
accompanied by evidence of inferior vena caval thrombosis with large 
collateral channels on the anterior abdominal wall, the thrombosis of 
the renal veins is unsuspected. In a few patients all evidence of renal 
disturbance may disappear except for the continued presence of a mild 
proteinuria. It is questionable whether unilateral renal vein thrombosis 
can give rise to bilateral histological lesions of immunological renal 
disease, together with a nephrotic syndrome, or whether such histo¬ 
logical changes always precede the renal vein thrombosis; the latter 
seems the more likely. 

The clinical course probably depends on the ability to recanalise 
the thrombus and establish a collateral venous circulation. 

Diagnosis 

The sudden onset of oliguria, proteinuria, raised blood urea, and 
severe cedema confined to the lower limbs, without evidence of cardiac 
failure or hypoproteinsmia, should make one suspect the condition. 
Collateral venous channels on the anterior abdominal wall do not appear 
until several weeks or months after the onset, but once they are evident 
i^hey greatly simplify the diagnosis in those cases of inferior vena caval 
and renal vein thrombosis who have survived the acute phase. 

Treatment 

If the onset is recognised in adults it is reasonable to give anti¬ 
coagulants; otherwise treatment is symptomatic. 
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In infants wiKi pyelonephritis a nephrectomy may prevent the 
spread of the septic thrombus into the inferior \cna cava and across to 
the other kidney. 
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ILEMOGLOBINURIA AND MYOGLOBINURIA 

Hemoglobinuria is the term used for the appearance of free 
haemoglobin in the urine. It follows haemolysis of red cells, either in 
the blood stream or in the urine. 

Free haemoglobin is about the biggest naturally occurring molecule 
that can pass freely through the normal glomerular membrane (mol. wt. 
68,000). Haemoglobin in plaisma is normally bound to protein and is 
present in a concentration of about 5 mg./lOO ml. In a normal individual 
there is sufficient haemoglobin binding protein (haptoglobins) to bind 
concentrations of haemoglobin up to 100-125 mg./lOO ml. The bound 
haemoglobin does not pass through the glomerulus. The unbound or 
free form of hemoglobin passes readily through the glomerulus, some is 
reabsorbed in the proximal tubule, and the rest promptly appears in 
the urine. Tubular reabsorption of haemoglobin is always associated 
with hemosiderinuria, for as the haemoglobin is processed through the 
tubule cell some of the molecule is converted into haemosiderin and 
excreted into the urine. Hsmosiderinuria will therefore be present 
when there is free haemoglobin in the plasma whether or not there is 
haemoglobinuria. 

Myohasmoglobin is a muscle protein with a molecular weight of 
17,000; it permeates freely through the glomerulus, and little seems to 
be reabsorbed by the tubule; it first appears in the urine when the 
plasma concentration is about 10 mg./lOO ml., and its rate of excretion 
is extremely rapid. For this reason it is rarely detected in the blood. 


Methods of Identification 
Haemoglobin and Myohaemoglobin 

These can be identified in solution, either spectroscopically or by 
the colour that is produced when they react with tolidine. A few 
milligrammes of purified tolidine hydrochloride are dissolved in 
5 ml. of glacial acetic acid; 1 ml. of this solution and 1 ml. of freshly 
prepared hydrogen peroxide are added to 2 ml. of urine. The presence 
of haemoglobin or myoh^moglobin in considerable amounts will turn 
the urine blue; a lesser amount will only produce a green colour. If 
a simultaneous sample of blood is obtained and centrifuged and the 
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supernatant plasma is pink the matenal in the unne is li^moglobm 
■whereas if the plasma is not pink the unne contams myoglobin 

Hzemosidcnn 

In contrast to haunoglobin and myohsmoglobm which are m 
solution, haemosiderm m the unne is present m particulate form, either 
m disintegrating tubule cells or as amorphous debns The test for 
hiemosidennuna consists, therefore, m using the Prussian blue reaction 
to stam the unne sediment About 20 ml of unne is centnfuged and 
all but 1 mk of the supeniatant fluid is discarded 1 ml of 5 per cent 
hydrochlonc aad and 0 5 ml of a 10 per cent aqueous solution of 
potassium ferrocyamde are than added to the 1 ml of unne in wluch 
the deposit has been resuspended A drop is then examined under the 
microscope, when haemosiderm will appear as deep blue flecks lying 
free or withm the tubule cells and casts 

Renal Changes Associated with Hxmoglobmuna 
Changes Associated with Acute Hsemo^obmuna 

Large amounts of haemoglobin have been given expenmentally both 
to normal man and anunals There are either no adverse effects on the 
kidneys or a transient reduction in glomerular flltration rate Renal 
blood flow IS unchanged though PAH clearance falls There is also a 
transient fall m unne flow 

Under clinical conditions, however, hxmoglobmuna is occasionally 
associated with acute renal failure It has also been observed that if 
hxmoglobin is given to animals that are ohgxrmc or dehydrated, 
tubular necrosis may occur with numerous bxmeasts in the distal and 
collecting tubules 

It IS probable, therefore, that several closely connected factors are 
responsible for the renal failure that follows dimcal hxmoglobmuna 
Pre existmg obgxmia or dehydration are usually present and have 
caused renal vasoconstnction wth an acute reduction m glomerular 
filtration rate before the onset of hxmoglobmuna, and have also 
resulted m a high concentration of circulating anti diuretic hormone 
(ADH) This combmation causes a maximal reabsorpbon of \vater 
from the glomerular filtrate so that the hxmoglobin m the tubule 
lumen is highly concentrated, it then precipitates and causes obstruc¬ 
tion of the nephron 

The pathological changes have been desenbed m Section 12 
There are focal areas of tubular necrosis, hxmeasts and occasional 
collections of mterstitial inflammatory cells Large amounts of 
hxmosidenn may be found in the tubule cells 
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Changes Associated with Chronic Haemoglobinuria 

There are two functional changes; proteinuria and persistent 
hamosiderinuria. Structurally the accumulation of haemosiderin in 
the tubule cell appears to be the only change which is specifically due 
to the hemoglobinuria. In addition, hemoglobin appears in the urine 
at lower plasma concentrations of hemoglobin than in acute hemo- 
globinemia. Following several hemoglobinuric crises hemoglobin 
may appear in the urine when the plasma concentration is only 25 mg./ 
100 ml. This is because the normal rate of production of hemoglobin 
binding protein is insufficient to keep up with the large quantities of 
hemoglobin that are liberated. 

^Etiology 

The following conditions may cause hemoglobinuria: 

Following Intravascular Hemolysis : 

1. Exercise: {a) Very strenuous exercise, 

(b) March hemoglobinuria. 

2. Mismatched transfusion. 

3. Paroxysmal nocturnal hemoglobinuria. 

4. Blackwater fever, 

6, Hypotonicity of the plasma {prostatic surgery). 

6, Thermal and chemical injuries. 

7, Paroxysmal cold hemoglobinuria. 

Other common causes of hemolysis, such as congenital spherocytosis 
or acquired hemolytic anemia due to abnormal serum antibodies, 
rarely cause hemoglobinuria, for the rate of destruction is slower and 
the site of hemolysis is in the reticulo-endothelial system. 

Following H^emolysis in the Urine : 

1. Any cause of hematuria when the specific gravity of the urine 

is below 1-007. 

2. Renal infarction. 

HAEMOGLOBINURIA FOLLOWING INTRAVASCULAR H.EMOLYSIS 

Exercise 

Any normal person who undergoes sufficiently severe and prolonged 
strenuous exercise toU have hemoglobinuria and proteinuria. This 
has been shown particularly in marathon runners. It is a benign 
complication of strenuous exercise, with no late sequele. 
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There are m addition certain individuals who develop considerable 
hasmoglobinuna and protemuna upon performing any moderate 
exerase, eg abnsk-walk.orashortrun The cause of the phenomenon 
IS unexplained. It is due to mtravascular luemolysis which only occurs 
m the upnght posture, vigorous exercise taken m the horizontal 
posture does not produce hremoglobinuna It is a bemgn condition 
sometimes associated with mcreased amino-aaduna, and is known as 
Slarch hxmoglobinuna There is no treatment There are spontaneous 
fluctuations m the tendency to htemolyse, when relapses occur physical 
exercise should be curtailed If relapses are frequent they can some¬ 
times be lessened by puttmg ** sorbo ” rubber msoles mto the shoes, 
the unphcation bemg that hemolysis may result from damage to red 
cells m the soles of the feet 

Mismatched Transfusion 

In temperate climates, this is the most common cause of hiemo- 
globmuna to be followed by acute renal failure Plasma concentrations 
of hsemoglobm may nse to 1,000 mg/lOO ml or more, there is fever, 
shivenng, severe pains m the back, hypotension and discoloured unne 

Transfusions are most frequently given because of recent loss of 
blood If, when blood is being administered, the patient develops 
symptoms which suggest that haemolysis is taking place, the transfusion 
should be stopped immediately A sample of the s blooi is then 

centrifuged and the supernatant plasma exammed by naked eye for the 
presence of hsmoglobm If the plasma is not pink, then haemolysis is 
not the cause of the patient's symptoms and tlie administration of 
blood should be contmued with a fresh bottle of blood The previous 
bottle may have contained some other protem which caused the 
patient’s reaction, it may, for example, have been infected This is 
uisuffiaent reason for abandoning the attempt to replace the lost 
blood 

If, however, the plasma clearly contains haemoglobm, then no 
further blood transfusions should be given It is essential nevertheless 
to try and overcome the renal vasoconstnclion of the ohgffimia, and a 
plasma expander such as Dextran should be given m as large amounts 
as possible, e,g about one to two hires If anjemia (as opposed to 
oliga:mia) is then severe the patient should be placed m an oxygen tent, 
for by mcreasmg the plasma oxygen tension there may be suffiaent 
improvement m his general conation to influence the extent of renal 
damage It has been claimed that acute renal failure following mis¬ 
matched transfusion can be avoided or cut short by immediate excliange 
transfusion ranru ila* are placed m the radial artery and eophalic \ ein, 
and the exchange begun with a litre of a plasma expander It is 
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continued with properly cross-matched blood. The duration of the 
exchange is determined by the concentration of the circulating haemo¬ 
globin in the plasma. An exchange of 5 to 81. can reduce the circidating 
concentration from about 800 mg. to 100 mg./ml. In addition to 
eliminating the haemoglobin, exchange transfusion has an added 
advantage in that it suppHes large quantities of fresh haemoglobin 
binding protein, so that a high proportion of the haemoglobin that 
remains is bound to protein and not filtrable. 

Paroxysmal Nocturnal Haemoglobinuria 

This is a rare disease characterised by an acquired abnormality of 
the red cells which greatly shortens their survival. Unlike most other 
causes of abnormad red cell destruction the cells in paroxysmal nocturnal 
hasmoglobinuria are destroyed in the plasma, as opposed to the reticulo¬ 
endothelial system. This gives rise to high plasma concentrations of 
hsemoglobin. The haemolytic process is particularly severe during 
sleep, so that the urine may be purple in the morning but a normal 
colour by evening. If the patient sleeps during the day the process is 
reversed. It hais been demonstrated that the acceleration of haemolysis 
that occurs during sleep is not due to any accompanying change in 
plasma that may occur at that time. 

The disease becomes manifest usually between the ages of 20 and 40, 
and occurs equally in both sexes. The tendency to haemolyse fluctuates, 
and during relapses haemoglobinaemia is continuous, though haemo- 
globmuria comes on in sudden sharp attacks. In addition to the 
discoloured urine these acute episodes are associated with headache, 
backache, muscular and abdominal pains. Acute haemolytic crises are 
sometimes brought on by mild infections. There may be severe 
anaemia and there is a continuous reticulocytosis; eventuadly the 
patient develops a pale brown pigmentation. Occaisionally there may 
be remissions of a few weeks or months when the totad blood haemo¬ 
globin concentration returns to normad, but haemosiderinuria continues 
uninterruptedly. Death usually occurs from thrombosis of visceral 
veins including the mesenteric, splenic amd renal. 

The anaemia cannot be treated with transfusions of ordinary blood, 
for these cause an intense haemolysfe of the patient’s red cells. This 
reaction is due to some substaince present in the donated plasma, and 
can be avoided by giving red cells waished and suspended in saline. 

Blackwater Fever 

This complication of malignant tertian malaria usually occurs in 
those who have previously been treated with antimalarial drugs, 
particularly quinine, either prophylactically or for recurrent attacks 
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of malaria Tliere is a sudden and severe hasmolysis of irnknouu cause 
sometimes followed by acute renal failure 

Hypotomaty of Plasma 

Transurethral resections of the prostate are usually earned out 
mth mtermittent washouts of the bladder and urethra with water If 
much water is absorbed during this procedure there may be hcemolysis 
near the site of absorption where the plasma osmolality is grossly 
reduced there is then hasmoglobiniemia and occasion^y hamo 
globmuna sometimes acute renal failure may develop 

Thermal and Chemical Injunes 

Patients wth severe bums may develop hamioglobmamta and 
hxmoglobinuna from destruction of the red cells contained m or near 
the affected areas Acute renal failure occurs quite frequently and 
though this IS mainly due to renal ischienua from the reduced blood 
volume it IS obvious that a superimposed haemoglobmxnua will only 
make its development more likdy 

Arsine causes spherocytosis and acute hemolysis Death from 
severe anjeima may occur a few hours later The gas is produced when 
certain metals and acids containing arsenic come into contact 

Other chemicals which sometimes cause severe hxmolysis and 
hsmoglobmuna include naphthalene (motli balls) sulphonamides 
and mephanesm 

Paroxysmal Cold Hsmoglobmuna 

This condition is characterised by sudden attacks of hsmolysis 
which follow the coobng of a part or the whole of the body It is due to 
an autohsmolysm which only becomes attached to the red cells at 
body temperatures below normal When such red cells circulate to 
parts of the body with a normal temperature they are hiemolysed 
Severe attacks are assoaated ivith ngors fever and ansmia acute renal 
failure does not occur 

The disorder occurs in congemtal and acquired syphilis and 
sometimes follows certain acute infections such as virus pneumoma 

IMMOGLOBINURIA FOLLOWING HiEMOLYSIS IN THE URINE 

If there is hiseraatuna and the unne concentration falls below 
approximately SGI 007 the red cells will hsemolyse and there will be 
free hemoglobin in the unne This is only important as a diagnostic 
trap It will be recognised if the unne specific gravity is measured and 
the deposit examined microscopically for red cells and casts 

It has been reported that acute renal infarction may be associated 
with unilateral hemoglobinuna 
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HJEMOGLOBINURIA AND MYOGLOBINURIA 


MYOGLOBINURIA 

Renal Changes Associated with Myoglobinuria 

There is no doubt that myoglobinuria may by itself cause acute 
renal failure. This has been clearly demonstrated in a patient who was 
being extensively investigated in hospital. Myoglobinuria could be 
induced by exercise. Following a particularly severe bout of exercise 
the patient developed acute renal failure and was oliguric for 14 days. 
Fortunately he recovered. 

Usually when acute renal failure develops in combination with 
myoglobinuria the cause of the failure is as obscure and complicated as 
in hsemoglobinuria. For instance, myoglobinEemia, myoglobinuria and 
acute renal failure can occur in crush injuries. But injuries are 
associated with acute renal failure in the absence of myoglobinuria. 
The importance of the myoglobinuria in the aetiology of acute renal 
failure following injury has always been, and is likely to remain, 
problematical. 

The cause of the renal failure which follows myoglobinuria is not 
clear. Widespread tubular obstruction must be one of the factors, for 
casts of precipitated myoglobin can be seen in the tubular lumens. 

Clinical Features 

Myoglobinuria results from rapid destruction of muscle. This may 
follow some obvious cause such as crush injuries, high voltage shock or 
localised muscle necrosis due to postural pressure during coma (e.g. 
gas poisoning or alcoholic intoxication); it has also been described with 
sudden arterial occlusion and after severe convulsions. The other 
causes of acute muscle destruction are various biochemical disturbances 
which are not understood. One is said to be due to allergy to sea food, 
another is a variant of muscular dystrophy; and the most common is 
that known as idiopathic paroxysmal myoglobinuria. 

Idiopathic Paroxysmal Myoglobinuria 

The tendency to attacks fluctuates, but it is unusual to have more 
than one attack a year. They are usually precipitated by strenuous 
exercise. The patient wakes up complaining of severe pain and stiffness 
in those muscles which were involved in the exercise, and that his urine 
is dark brown. On examination, the affected muscles are firm, tender 
and exquisitely painful upon being stretched. Walking may not be 
possible. The urine is dark but clear. The diagnosis can be made in 
the ward by finding that the substance in the urine is tolidine positive, 
i.e. that the urine contains large quantities of either haemoglobin or 
myohaemoglobin, when the plasma has a normal colour. Tt follows 
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that the substance m the unne is myoglobin for if it i\ere heemoglobm 
the plasma would be pmk from hjemoglobmcemia Myoglobin is never 
present in the plasma m suffiaent quantities to discolour it, for as it is 
not bound to protein and easily filtered at the glomerulus, it is rapidly 
excreted. 
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PORPHYRIA 

Porphyria is a rare and often famUial disorder of porphyrin 
metabolism which results in widespread abnormalities, particularly in 
the skin, gastro-intestinal tract and central nervous system. Frequently 
there are acute exacerbations which may be associated with renal 
disturbances. 

Pathology 

Porphyrins form part of the haemoglobin molecule. In porphyria 
their metabolism is disturbed, so that their concentration in the blood 
rises and they are excreted in increased quantities both in the urine and 
faeces. Severad types of porph 5 ains are involved, but during an acute 
attack there is one, porphobilinogen, which is always present in large 
amounts. 

Porphobilinogen is a colourless chromogen. Its presence, however, 
can sometimes be suspected on naked eye examination of the urine, 
for its breakdown products on standiag give the urine an orange or 
nectarine-hke colour; this is usually overlooked for it is confused 
with the appearance of a concentrated urine. The presence of porpho¬ 
bilinogen is confirmed with Ehrlich’s reagent (the same which is used 
for detecting the presence of urobilinogen). Both urobilinogen and 
porphobilinogen give a red colour within 20 seconds; they are then 
differentiated by adding chloroform; if the red colour remains outside 
the chloroform the colour is due to porphobUinogen; if it goes into the 
chloroform the colour is due to urobilinogen. 

Frequently, acute porphyria is associated with an increased 
excretion of other porphyrins which may turn the urine dark purple. 

At autopsy large amounts of porphyrins can be identified in the 
tubule cells. These probably account for the disturbance of tubular 
function. 

Climcal Features of Acute Porphyria 

Acute porphyria is often provoked by the administration of 
barbiturates. Its main clinical features are abdominal pain, constipa¬ 
tion, tachycardia, hypertension and peripheral neuritis. Later, there 
may be coma, generalised flaccid paralysis and jaundice. In addition 
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the most advanced cases develop an uncontrolled diuresis with exten 
sive loss of sodium, potassium chlonde and water which may cause 
circulatory collapse and deatli Acute intermittent porphyria is one 
cause of ‘ mappropnate secretion of antidiuretic hormone 

Treatment 

Prophylacltc It is imperative that barbiturates (and possibly also 
sulphonamides and gnseofulvin) should not be given to patients who 
suffer from poiphyna To make sure of this the patient should be given 
a card on which it a clearly stated that she is suffering from poiphyna 
and tliat these drugs particularly barbiturates must not be admmi 
stered however anxious and mentally disturbed the patient may 
appear 
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THE KIDNEY, GOUT, AND URIC ACID 

Abnormalities of uric acid metabolism associated with a rise in 
plasma uric acid can cause chronic or acute renal failure. On the other 
hand abnormalities in renal function can cause a rise or fall in plasma 
uric acid. 

Structural Changes Associated with Hyperuricsemia 

Chronic hyperuricaemia can cause chronic renal failure. The 
following changes are seen : 

{a) Very occasionally there is an easily demonstrable deposition 
of urates within the renal parenchyma. 

(6) Interstitial nephritis. 

(c) Nephrosclerosis. 

{d) Histological changes indistinguishable from those found in 
persistent glomerular nephritis. 

(e) Uric acid stones. 

Urates are found in the interstitial spaces. They cause necrosis of 
the tubules in the immediate vicinity of the deposits, and are sur¬ 
rounded by focal concentrations of inflammatory cells. Very rarely 
the deposits can become sufficiently large to be macroscopically 
recognisable tophi, particularly in the tip of the pyramids, whether or 
not urates are seen. The predominant histological abnormality is one of 
interstitial nephritis (usually called " chronic pyelonephritis,” (p. 275). 
The vascular lesions are those sclerotic changes found in chronic 
hypertensive vascular disease, but hypertension is not essential for 
their presence. The finding of lesions identical to those found in per¬ 
sistent glomerular nephritis is unexplained. Uric acid stones contribute 
to the destruction of the kidneys by causing obstruction and precipi¬ 
tating infection. 

Acute hyperuricaemia can cause acute renal failure. This is due to 
precipitation of urates in the lumen of the tubules, the calyces and 
ureters and only occurs with extremely high plasma concentrations of 
uric acid. 

The Effect of Hyperuricaemia on Renal Function 

In man, a brief intravenous infusion of urates sufficient to cause a 
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transient nse of plasma unc aad can cause a reversible depression of 
glomerular filtration 

A persistent nse m plasma unc acid is associated with a gradual 
retention of unc acid, and the deposition of unc aad in the tissues 
This causes a gradual detenoration of renal function which may take 
10 to 20 years to become important The number of patients with 
" gout " who die of renal failure is uncertam It is probably around 
10 to 20 per cent 

A less prolonged persistent nse in plasma unc acid occurs in 
leukxima, polycythsemia, congenital hemolytic ansraia, myelomatosis 
and lymphosarcoma uben it is due to thehigli turnover of cells contam- 
mg large nuclei The patient usually succumbs before the nse in plasma 
unc acid causes any detectable impairment in renal function Occa¬ 
sionally, however, acute renal failure may be preapitated by treatment 
This follows either the administration of cytotoxic drugs or the 
begmnmg of radiotherapy There is then an enormous nse m plasma 
unc acid (e g up to 50 mg /lOO ml) because of the widespread destnic- 
tion of cells, the large quantities of filtered unc acid preapitate m the 
tubules causing acute obstruction Very rarely a previously healthy 
person, not on any treatment, may present with a rapid onset of ren^ 
failure due to a spontaneous high plasma unc aud occurring at the 
onset of leuksemia 


The Effect of Renal Function on Plasma Unc Acid 

la some patients wth persistent liypenincasnua the nse m plasma 
unc acid is due to a selective unpairment of tlie kidney to excrete 
unc aad Initially the glomerular filtration rate is normaL Many of 
these patients also have an mcreased production of unc aad and have 
therefore considerable nses m their plasma concentration of unc acid 
This group mcludes those with acute artlintis (gout) and those with 
familial hypenincasmia without arthritis 

A similar selective impairment m the abihty to excrete unc acid 
but without overproduction of unc aad, occurs m a number of other 
conditions where it may cause a mild nse m plasma unc aad It is 
possible that m all these conditions the kidney s mabihty to excrete 
unc aad is due to a raised plasma lactic aad which is a known inhibitor 
of unc aad excretion This phenomenon occurs m a proportion of 
patients with " essential hypertennon,” myxeedema, toxemia of preg¬ 
nancy, glycogen disease, ketotic conditions such as starvation and 
followmg the ingestion of alcohol 

The mgesbon of pjuazuiainide, pempidine, mecamylamme and 
many diureUcs, mcluding particularly chlorothiazide and frusemide 
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also directly inhibit tubular secretion of uric acid and may cause 
quite brisk rises in plasma uric acid. 

The advent of renal functional deterioration in a person who alread.y 
has an impaired abihty to excrete uric acid will aggravate the uric 
acid retention and cause the rise in plasma uric acid to be more 
pronounced. But the development of renal failure in persons with no 
previous impairment in the ability to excrete uric acid does not cause 
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Serum Uric Acid 
mg/IOOml. 

Fig. 29.1. Creatinine clearance plotted against plasma uric acid in women admit¬ 
ted to hospital; O = patient with a history of gouty arthritis: • = 
patients with no history of gouty arthritis. (PoUard. A. C. personal 
communication.) 

a rise in plasma uric acid until the creatinine clearance is below 
20 ml./min. (Fig. 29.1). 

On rare occasions acute poisoning with some exogenous substance 
may so damage the proximal tubule's ability to reabsorb uric acid 
that there is a uric acid leak and a fall in plasma uric acid. 

Clinical Features of Hyperuricaemia 

If a patient is known to have a persistent rise in plasma uric acid, 
renal disturbances should be anticipated. The main difficulty is the 
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vanety of %vays m whicli a patient with hyperuncamia may present 
for the first tune There may be the typical arthritis of gout, or multiple 
aches and paiDSwhichare shrugged off as**rheiimatism " Theyoungmth 
famihal hyperuncsemia may have hypertension which is first discovered 
either at a routme medical eirammation or as a sequel to toxiemia of 
pregnancy Sometimes asymptomatic protemuna is the first abnor 
maJjty to be noticed, or the pafxenf first presents with acute pyelo- 
nephntis A few patients will present with unc acid stones 

It IS an excellent rule to measure the concentration of unc acid m 
the plasma of all patients suffering from protemuna or any other renal 
disturbance, hypertension, arthntis or vague aches and pains The 
recent finding that the prognosis m essential hypertension is much 
worse m patients wth a raised plasma unc acid makes this mcreasmgly 
important 

Unc add stones may occur m any patient with byperuncasnua due 
to overproduction of unc aad The stones are formed because of the 
mcreased quantity of unc aad bemg excreted m the unne The 
majonty of unc aad stones, however, occur in patients with a normal 
plasma unc aad who are not excreting an excess amount of unc and 
m the unne In these patients the stones are fonned because the 
unne is persistently acid ^Vhereas in a normal mdividual the iinnary 
^Hnses to 0 or higher dunng the day. the unnary^H of these patients 
remains below 0, or more usually bdow 5 5 throughout the 24 hours 
Uie cause of this functional disturbance is not clear It is assoaated 
wth a moderate impairment m the abihty to excrete ammoma which 
must contnbute to the persistent aadity 

The formation of stones is assoaated with renal cohc, hsmatuna 
protemuna, pyelonephntis and tmnaiy obstruction 

Treatment 

Persistent hyperunoemia can be corrected either by blockmg unc 
aad reabsorphon by the tubules or by mhibitmg the production of 
unc aad by the hver If renal function is only moderately impaired 
the daily administration of probenecid will mcrease unc aad exaetion 
by about a third and lower plasma unc aad As renal failure develops 
probenead will become less effective It then becomes necessary to 
use allopunnol to inhibit xanthme oxidase activity and thus the 
production of unc aad from xanthme 

A sudden bnsk nse m plasma unc aad with unc acid preapitation 
m the tubules such as that which may coraphcate the treatment of 
leukaemia be avoided by the administration of allopuimol, and 
preventmg the patient from becommg dehydrated from vomitmg 
It is very important to remember that most diuretics, and severe 
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weight reducing diets, may cause a rise in plasma uric acid. In some 
patients this may precipitate gout or some deterioration of renal 
function. In a patient with some pre-existing impairment of renal 
function this risk should be prevented by the administration of alio- 
purinol as soon as the plasma uric acid begins to rise. In a patient with 
normal renal function the plasma uric acid can be controlled if necessary 
with probenecid. 

Uric acid stones associated with a persistently acid urine are best 
treated with an increased intake of fluid and 50-100 mEq. of sodium 
bicarbonate per day. In elderly subjects it is important to avoid 
precipitating pulmonary congestion. They can be given acetazoleamide 
in the evening; this will increase sodium excretion and keep the urine 
alkaline during the night. 
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renal disturbances in myelomatosis 

ce. P^Miferations of 

Pathology 

r*” “ ''™*y 

spinal cord, or smaU coUections^nf°™^^°r compressing the 

the renal parenchyma • in additinn myeloma cells within 

cent of aU cases. amyloidosis occurs in 5-15 per 

show“Lnrttr?s^"“f- '?T“-'““I 

structural disturbances The mosTfr"^ develop the foUowing 
collecting tubules of wide^Ld SLf presence in the 

surrounded by a ring of disintf^,i?!i casts. Often these are 

lying within a collecting tubule whn cells, the whole complex 

there is extensive tub^roX T "Edition 

unchanged. There may also be the glomeruli remain relatively 
the casts, the tubule ceUs and th^ ’ deposits of calcium in 

suggest that much of the renal func^’ spaces. The appearances 

of the cohecting tubuleg functional impairment is due to blocking 

Clinical Features 

impaimlrn mild renal fnnctional 

predominate are unrelated to the k.v!" features which usually 

mye ornatosis are due to (a) abnormal"^^ + complications of 

caIc^mia, (c) hyperuricemia and metabolism, (i) hyper- 

wth myelomatosis wiU first pr Jent ^c^^ctimes a patient 

the absence of amyloidosis. ^ ^ nephrotic syndrome, in 

J^JSturba nc£s of Pt* f * 

plasma cells is responsiblTfof^ami’nf^*”' increased number of 

immunoglobulins; these consist of production of ” complete ” 
polypeptide chain. In addk nn • "action of a long and a short 

ThS rrf potato™; SetSf™ 

the long chains. The “ cnmr.1 t „P°^yPtPttde chains exceeds 

eomplete proteins have a molecular 
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weight of about ICO,000 and cannot pass through the glomerular filter, 
they are therefore found in high concentrations m the plasma but only 
small amounts appear in the unne The short chains, hmve\er, have a 
molecular weight of about 22,000 They easily pass through the 
glomerular filtrate and appear m high concentrations m the unne 
(Bence-Jones’ proteinuna), but the plasma only contains relatively 
small amounts, unless the patient is in advanced renal failure It is the 
preapitation of this small molecular wreight protem m the coUectmg 
ducts winch often causes renal failure in myelomatosis This precipi¬ 
tation IS sometimes induced acutely by the pr elimin ary penod of 
dehydration which precedes an mtravenous pydograra The protem- 
una of myelomatosis nearly always contains albumm whether or not 
Bence-Jones’ protem is also present Occasionally, however Bence- 
Jones’ protem is the only protem present, it is important to remember 
that Bence-Jones’ protem cannot be detected with Albustix The most 
accurate way to detect the presence of Bence Jones’ protem is to ex 
arame the unne electrophoretically It can also be identified by warmmg 
the unne: the protem at first comes out of solution and appears as a 
white preapitate, but as the urme becomes warmer the precipitate re 
dissolves and the unne becomes clear If, however, other proteins are 
present, the persistent precipitate which they form on heating obscures 
the presence of Bence-Jones’ protein To establish the presence of 
Bence-Jones’ protem when other proteins are present it is therefore 
necessary to filter the unne immediately after it been brought to the 

boil The preapitated albumm and globulins will then be separated from 
the Bence-Jones' protem which remains m the clear filtrate This 
filtrate is observed as it cook and Bence-Jones’ protem will appear 
when the temperature falls to 70® C It is important that the warmed 
unne should not be allowed to cool before it has passed through the 
filter, for otherwise the Bence Jones’ protem is preapitated on the 
wrong side of the filter and does not appear m the filtrate To keep 
the unne ivann it is best to filter small amounts at a time, to reheat the 
unne at frequent mtervals, and to place the filter paper upon a warm 
funnel It is characteristic of multiple myelomatosis that if Bence 
Jones’ protem is present, it appears m large quantities, Bence-Jones’ 
proteinuna is sometimes found m other conditions but only m small 
amounts 

Renal failure can also be caused by the hypercalaemia which 
sometimes accorapames the massive bone resoiption mduced by the 
lesions m the bone marrow In these lesions there is also a high turnover 
of nucleoprotems and tlierefore an increased production of unc acid 
This may cause a suffiaent nse m jdasma unc acid to be responsible 
for a rapid detenoration of renal function (p 366} Amyloidosis occurs 
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in 10 per cent of patients with myelomatosis and may also contribute 
to the renal functional impairment. It is most often seen in patients 
with Bence-Jones’ protein. 

Treatment 

Death is frequently due to renal failure. Often this is precipitated 
by dehydration and the consequent precipitation of protein in the 
tubules. The patient should therefore be encouraged to drink large 
volumes of fluids. When the daily excretion of Bence-Jones’ protein is 
high the fluid intake should amount to about 4 litres a day. The rate 
of excretion of Bence-Jones’ protein can sometimes be controlled by the 
administration of Melphelan 2-5 mg./day. Hypercalcmmia can some¬ 
times be controlled in the same way, or with prednisone. Hyperuricsemia 
can be avoided or controlled by the administration of AUopurinol 
(p. 359). 

In order to try to prevent renal failure in myelomatosis therefore, 
it is imperative to measure the rate of Bence-Jones’ protein excretion, 
and the plasma concentrations of calcium and uric acid at frequent 
intervals. 
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RENAL AMYLOIDOSIS 

Amyloid is an eosinophilic substance whicli appears structureless 
on light microscopy, it may be distributed throughout all the organs of 
the body Its deposition is possibly related to an abnormahty of the 
reticulo-endothehal sjstem In cTpenmentally produced amyloidosis 
there is first a proliferation of reticulum cdls which when they 
degenerate leave behmd a deposit of amyloid There may be some 
connection between amyloidosis and myelomatosis, for (a) amyloid 
deposits contain unmunoglobuhns. (b) the bone marrow of patients 
with amyloidosis often contains an excess number of plasma cells, 
and (c) 10 per cent of patients vvith myelomatosis develop amyloidosis 

Pathology 

The kidneys are usually smooth, resilient and enlarged The cut 
surface shows that both the cortex and medulla are broader than 
noimal and the demarcation between them is sharp, the glomeruh 
can be identified as small translucent depoststs which stain dark broivn 
upon the addition of iodine Occasionally there is considerable 
disorganisation, the kidneys are small and scarred and the cortex and 
medulla difficult to recognise 

Under the microscope amyloid matenal is found m the walls of all 
vessels, mcludmg the glomerular capiUanes and the pentubular venous 
capillaries. In a renal biopsy speciinen it is characteristic that the 
glomeruli may appear to be almost enUrely replaced by amyloid 
matenal at a time when the glomerular filtration rate may be only 
moderately impaired The first changes oinsist of a lobular stalk 
thickemng due to amyloid deposits m the mesangium Apart from, the 
tbaiactenstac starmiig reactions, the appeatasvets are mweb the same as 
those found m post streptococcal glomerular nephntis and diabetes 
Electron microscopy reveals that the basement membrane is noTmal, 
the deposits of amyloid lying on either side At autopsy the glomeruh 
mostly consist of sohd, structurdess, compact masses of amyloid of 
about the same size as a nonnal glomerulus The amyloid matenal, 
which is laid m the pentubular venous capiUanes, may be very thick 
but does not mvade the tubule cells 

The tubule cells show the charactenstm changes found m nephrotic 
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glomerular nephritis, i.e. those changes found with heavy proteinuria, 
intracellular deposits of lipoid, and collections of an eosin-staining 
material of uncertain origin. Tubular atrophy is also present. 

Without the use of special stains it is easy to confuse renal 
amyloidosis with diabetic nephropathy, and particularly persistent 
glomerular nephritis. 

Clinical Features 

Amyloidosis was seen most commonly in sanatoria in patients 
suffering from chronic tuberculosis of the bones or lungs; it may, 
however, occur as a complication of chronic sepsis from any cause. 
Now it is most often seen in rheumatoid arthritis and other diseases in 
which there is no sepsis, such as myelomatosis. Amyloid also occurs as 
a familial condition. In one t 5 ?pe of familial amyloidosis which is 
characterised by pol 3 meuropathy, cardiomyopathy and splenomegaly, 
renal involvement is unusual. In the other the amyloidosis is a compli¬ 
cation of Familial Mediterranean Fever, In this type the amyloid 
deposits in the kidney are the usual cause of death. 

Amyloidosis can also occur in patients with no accompanying 
disease and with no family history of the condition. This form is 
usually known as primary amyloidosis. 

The first indication of renal amyloidosis is proteinuria, and the most 
common clinical manifestation is the development of a nephrotic 
syndrome. This may be particularly severe, for the hypoproteinasmia 
may not only be due to proteinuria but also to a decreased rate of 
protein synthesis as a consequence of hepatic amyloidosis, and also to 
an impaired absorption of amino-acids because of amyloid deposits in 
the mucous membrane of the small bowel. 

It is very rare for the presenting symptoms to be those of chronic 
renal failure; it is characteristic that the blood pressure may often 
remain normal for a considerable time after the onset. 

Occasionally there is a sudden onset of acute renal failure due 
to renal vein thrombosis. The thrombosis appears to begin in the 
intrarenal veins and extend medially. A few remarkable cases have 
been described which have suffered from severe pol 5 mria and poly¬ 
dipsia over many years. In one of these the collecting ducts and vasa 
recta at post-mortem were found to be surrounded by a thick layer of 
amyloid material. 

Diagnosis 

The diagnosis of renal amyloidosis is confirmed by finding the 
characteristic deposits in a renal biopsy. If it is inappropriate to perform 
a renal biopsy, a rectal biopsy can be performed. A rectal biopsy will 
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show amyloid deposits lu 75 per cent of patients with renal amyloidosis 
whereas a liver biopsy wail only be positive m less than 60 per cent and 
a gum biopsy m less than 20 per cent 

It is important that all renal biopsies which show any deposits of 
eosinophihc material should be stamed for amyloid Otherwise the 
diagnosis will be missed 

Treatment 

If the disease with which amyloidosis is associated can be con 
trolled particularly if a septic lesion can be excised renal function may 
improve and the blood pressure will return to normal Otherwise 
treatment is symptomatic and is that of the nephrotic syndrome 
(p 132) and chrome renal failure (p 178) Senal renal biopsies from 
patients with rheumatoid arthritis suggest that once renal amyloidosis 
IS suffiaentJy severe to cause some impainnent m renal function the 
renal lesions are ureversible Treatment ivith adrenal steroids may 
produce a remission of symptoms and protemuna may cease but the 
renal lesions remain 
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SCLERODERMA 

The generalised form of scleroderma not only affects the skin but 
also the gastro-intestinal tract, the lungs, the heart and the kidney. 


Pathology 

Renal lesions are uncommon. They consist mainly of a striking 
thickening of the intralobular arteries and afferent arterioles. One 
type of thickening consists of intimal proliferation. This may be found 
in renal biopsies obtained many years before death. 

The other lesions develop in the last few weeks of Hfe and rapidly 
cause the death of the patient from renal failure. The kidneys are 
swollen and pale, while the cut surface shows a mottled congestion of 
the cortex which is due to a patchy necrosis. The necrotic lesions are 
due to occlusion of the proximal portions of many intralobular arteries 
by a mucoid substance which lies in concentric layers in the intima. 
The distal parts of some of the intralobular arteries and the afferent 
glomerular arterioles also show necrosis and fibrinoid changes. Many 
pathologists find these lesions indistinguishable from those found in 
malignant hypertension. Isolated polyarteritic lesions and " wire- 
loop ” lesions have also been described, but both changes are inconstant. 


Clinical Features 

Proteinuria may be present for many years. This is usually asso¬ 
ciated with some reduction in renal blood flow but little impairment in 
renal function. Once renal function begins to deteriorate death usually 
follows within a few weeks. Some patients develop a catastrophic 
rise in blood pressure. They present with convulsions and rapidly go 
into coma. Occasionally, the acute deterioration of renal function 
appears to have been provoked by the use of adrenal steroids, when 
these have been used to alleviate some of the other symptoms of 
scleroderma. 


Treatment 

Treatment is symptomatic. 
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RADIATION NEPHRITIS 

Radiation nephritis has. only been described in patients with 
malignant tumours of the testicle following irradiation of the periaortic 
abdominal glands. 

Pathology 

There is little to see with the naked eye except some fibrous tissue 
between the kidney and the peritoneum. The capsule, however, is free 
and the kidney normal in size. 

Microscopically the capsule shows considerable fibrous thickening. 
The glomeruli are smaller than normal and the glomerular loops show 
replacement with variable quantities of an eosin-staining material. 
Many of the tubules are atrophic and they are separated by large 
amounts of intertubular material which in some places includes fibrous 
tissue. 

The larger vessels show no changes, the intralobular arteries and the 
arterioles may show sclerotic changes (p. 113), and the glomerular 
capillaries occasionally show necrotic lesions similar to those found in 
mahgnant hypertension (p. 113). These necrotic lesions may be present 
in the kidney even though they are absent from other organs, and the 
patient has not suffered from malignant hypertension clinically. 

Following irradiation of the kidneys in animals the blood pressure 
rises before any abnormal microscopical changes are evident. It seems 
probable, therefore, that the vascular lesions that are seen later are due 
to the hypertension; the cause of the hypertension is unknown. 

Acute Radiation Nephritis 

Clinical Features 

The onset of symptoms attributable to changes in the kidney occurs 
after a latent period of six to twelve months from the start of radio¬ 
therapy. The reason for this interval is not known; it is one of the 
most interesting points about the disease. 

S 3 miptoms develop gradually; they include cedema, dyspnoea, 
hypertension, headache, nausea and vomiting, lassitude, and nocturia. 
In most instances the patient has to retire to bed within a month. 
There is no clear-cut acute nephritic syndrome or nephrotic syndrome. 
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The condition usually appears as diromc renal failure of rapid onset 
In all cases there is proteinuria and hypertension, but widespread 
oedema and cardiac failure seem rather to follow a hypertension of 
increasmg seventy than to be an mtegral part of the initial disturbance 
Protemuna is rarely greater than 5 g /day and hypoproteinamia has not 
been recorded Some degree of renal failure occurs m all c ase s and is 
characteristically assoaated with severe ansmia 

Course 

A third to a half of the cases reported m one senes died withm 
4-12 months of the onset of s3nnptoms Death was due to hyper 
tensive cardiac failure, hypertensive fits and renal failure The 
remamder survived, but contmued to have protemuna, hypertension 
and some diminution m glomerular filtration rate 

Pro^osis 

A nse m blood urea above 200 rog per 100 ml at some time during 
the first three months or the development of pleural effusions witliout 
generalised oedema are stated to be signs indicativ c of a poor prognosis 

The duration of the latent penod, the age of the patient, and 
the height of the blood pressure in the first fi%e months have no 
prognostic significance 

Treatment 

Prophylactic With the greatest care, the dose of X rays needed 
for secondary seminornos is perilously dose to that which can damage 
the kidney The use of the cobalt bomb should enable the field 
of irradiation to be so narrowed that renal damage, if it occurs is 
limited to one kidney and the damaged kidney can then be removed 

Curaine It is unperatu e to deade if the renal damage is unilateral 
Or bilateral, for if it is unilateral the blood pressure can be lowered by 
nephrectomy 

Otherwise treatment is symptomatic and mcliides the control of 
hypertension, cardiac failure, oedema and renal failure. The necessity 
for blood transfusions appear to be greater than m other forms of renal 
failure, their administration is frequently accompanied by generalised 
reactions 

^omc Radiation Tlcphntis 

Some patients never develop a penod of acute renal disorder, but 
18 months to several years after uiadiation they are found to be 
suffering from protemuna, hypertension and some impairment of renal 
function The cause of this fonn of radiation ncpbntis is obscure 
Some cases have shown no tendency to furtlicr dctenoration 
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Malignant Hypertension 

Occasionally there is a sudden onset of malignant hypertension. It 
may or may not be accompanied by renal failure. Death occurs within 
a few weeks. 
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CONGENITAL, MACROSCOPIC, STRUCTURAL 
LESIONS OP THE KIDNEY 

The term '* macroscopic * is inserted m the title of this section in 
order to exclude the congenital microscopic structural lesions of the 
tubules which are assoaated with innate functional defects (p 209) 

The foUoiving malformations will be discussed 

Henal agenesis 

(а) Bilateral 

(б) Unilateral 
Renal hypoplasia 

(а) Bilateral hypoplasia 

(б) Unilateral dw^ed kidney 
Renal ectopia 

Anomalies due to fusion 

(a) Horseshoe kidneys 

(6) Unilateral fused kidney crossed renal ectopia 
Duplication of pelvis and ureter 
Cystic disease of the kidneys 

(«) Polycystic kidneys 

(b) Solitary cysts 

(c) Cystic disease of the medulla 
Sponge kidney 

RENAL AGENESIS 

Bilateral Agenesis is not compatible with life, though occasionally 
tlie infant may Uve for two to three days Not only are the kidnejs 
absent but the ureters are often rudimentary Other congenital 
abnormahties, such as spina bifida, are always present. Bilateral 
agenesis can sometimes be suspected during pregnancy for it is often 
assoaated with ohgohydrammos 

Cltnual Nolt Uiulatcral coageiutal renal structural abnonoat ties are often 
associate wth a bomolater^ lUsbap^ extanal ear Tbere may only be some pronuu 
ence shortening or absence ol the lobe or there may be severe distortion Thu can 
sometimes be a useful clue in a child with a fever of unlcnovi'n ongin 

sn 
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Unilateral Agenesis (Fig. 34.1) is more common than bilateral 
agenesis and may not be discovered until autopsy for some other disease. 
It occurs equally in both sexes and is more frequent on the left side. 
The remaining kidney hypertrophies and often weighs as much as a 
normal pair of kidneys. 

Other congenital abnormalities may be found; in children gross 
abnormalities, such as meningocoele are not infrequent; in adults they 
are found less often and occur mainly in the genital tract, for instance, 
there may be a bicornuate or a double uterus. 


RENAL HYPOPLASIA 

Bilateral Hypoplasia usually causes death shortly after birth. Very 
rarely it may produce a state of chronic renal failure after two to three 
years of life. 

Unilateral Hypoplasia has to be differentiated from acquired unilateral 
disease, for chronic urinary obstruction or infection may also result in a 
remarkably small kidney. As this differentiation is sometimes very 
difficult, the term unilateral dwarfed kidney is used to include those 
kidneys which are unequivocally h 3 q)oplastic, and those in which 
hypoplasia is the most hkely diagnosis. 

By combining the incidence of unilateral agenesis and hypoplasia, 
BeU has calculated from his autopsy records that in persons over one 
year of age the chance of there being only one kidney capable of 
sustaining life is about 1/200. 


RENAL ECTOPIA 

Ectopic kidneys are usually situated either in the iliac fossae, 
including the brim of the pelvis, or in the pelvic cavity (Fig. 34.1). They 
occur equally in the two sexes, and are rather more common on the left 
side. In the iliac fossae they show no major structural alteration, but 
when they are in the pelvis they may be seriously distorted. Frequently 
the kidney is hypoplastic; the renal pelvis is usually directed forward 
and the ureter is often dilated and tortuous. The renal artery arises 
from the nearest part of the aorta or the common iliac artery. 

Ectopic kidneys may function normally, but they are liable to 
hydronephrosis and pyelonephritis. 

Clinical Features 

Lower abdominal pain or discomfort, dysuria, frequency and 
hsematuria are the presenting symptoms; or proteinuria may be found 
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during a routine examination. Occaaonally an ectopic kidney may Erst 
be diagnosed during pregnancy and may be confused with a tumour 
of pelvic abscess; an intravenous pyelograra allows the nght diagnosis 
to be made only if the kidney can excrete the radio opaque material; 
at other times a retrograde pyelogram or laparotomy is necessary. 
Often tliere are other congemtal abnormahties. 


Movable Kidney 

The mobility of the kidney may be greater than normal but it is 
extremely doubtful if excess mobility is ever the cause of symptoms. 
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or makes the kidney more liable to mfection or other disorders At 
one time, however, numerous operations were performed to secure 
errant kidneys mto more conventional sites. Most of the operations 
were peiiormed in that notorious group of middle-aged women who 
complain of vague abdominal pains. 


ANOMALIES DUE TO FUSION 
Horseshoe Kidney 

This malformation consists m the fusion of two poles of tlie kidneys, 
usually the lower poles, across the nudhne. The two pelves are always 
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separate and point in a forward direction, the two ureters travelling 
anteriorly over the surface of the lower poles (Fig. 34.2). 

Horseshoe kidneys occur more frequently in males; and in persons 



Fig. 34.2. (a) Unilateral agenesis, {b) Horseshoe kidney, (c) Double ureter. 


over one year of age Bell found the incidence to be 1; 400. There is no 
conclusive evidence that this abnormality is associated with a greater 
frequency of renal diseases than are normal kidneys. 
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Umlateral Fused Kidney 

Very rarely both kidneys may be fused together on one side of the 
body Both ureted> enter tlie bladder m tlieir normal sites, so that one 
ureter lias to tra\ cl across the midhne and is thus more liable to cause 
hydronephrosis and infection 


DUPLICATION OF PELVIS AND URETER 

This anomaly is more common m women and is found most fre¬ 
quently on the left side, it is not unusual for it to be bilateral when it 
IS more extensive on one side than the other Tlie two ureters from one 
kidney may be completely separate m their course to the bladder, so 
that there are two uretcnc onficcs tooneside of themidlme (Fig 34 2) 
At other times the two ureters fuse togetJier cither in the bladder wall 
or somewhere between the pelvis and the bladder Occasionally one 
ureter may enter the vagina, the urethra, the seminal vesicles or the 
vas deferens This is often the ureter from tJie upper part of the kidrey 
while tlie ureter from the lower part cnteis the bladder m the norm^ 
place 

Duplication of the pelves and ureters is often associated with pain 
hydronephrosis and recurrent unnary infection 


CYSTIC DISEASE OF THE KIDNEYS 

A malformation ivliich may be unilateral or bilateral Bilateral 
cystic disease of the kidneys is far more frequent and important 
clinically 


Bilateral Polycystic Kidneys 

This IS a hereditary condition which declares itself chnically either m 
infancy (the neonatal form), or m middle age (the adult form), in 
childliood and up to the age of 20 the mcidence falls off to negligible 
proportions The reason for tins remarkable division of mcidence is 
not known It is possible that the two forms of the disease, though 
they appear almost indistinguishable structurally, may stem from 
different aitiologies In favour of tius theory is the fact that the adult 
form appears to be mhented as an autosomal dommant in famihes m 
wluch there are a number of other cases, whereas the neonate form 
appears to be due to an autosomal recessive There are no records of 
adult and neonatal cases occurring m the same family 
BoUi forms occur equally between the two sexes 
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Pathology 

Both kidneys tend to be considerably enlarged, though the degree of 
enlargement may be unequal (Fig. 34.3). Each consists of a compact 
mass of cysts. On section the cysts are seen to be scattered equally in 
the cortex and medulla, and usually there does not seem to be any 
intact parenchyma. On rare occasions the cysts may be limited to one 
pole. In the neonatal disease aU the cysts tend to be of a similar size, 
whereas in adults they vary considerably and some may be exceedingly 
large. 

The cysts are filled with a watery fluid which may be clear, blood- 



Fig. 34.3. (a) Solitary cyst, (b) Polycystic kidneys. 


stained from recent hzemorrhage, or brown from an old haemorrhage; 
some may be filled with pus. They are lined by a single layer of 
epithelium and occasionally a normal glomerular tuft may be found 
invaginated into the cavity of a cyst, when the cyst is then considered 
to be the distended capsular space of that glomerulus. Cysts do not 
often communicate with the pelvis of the kidney. 

It can be demonstrated that the contents of some cysts are in a 
continuous flux with the circulation, e.g. inulin placed in the cysts will 
appear in the blood and vice versa. It has been suggested therefore 
that the cysts have some renal “ functional ” capacity, however trivial. 
Unless the cysts are joined to the pelvis, however, this is of no conse¬ 
quence whatever its extent. 
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Liver cysts are found in one third of patientswith polycystic kidneys 
and there is also a sigmhcant association with aneurysms of the cerebral 
artenes 

Pathogenesis 

There are many theories but '* nothing certain is known " (Dalgaard, 
1957). 

Clinical Features 

Neonaial form Usually neonatal bilateral cystic kidneys cause 
stillbirth, and sometimes their size may cause serious difficulties 
during delivery The mfant may hve for a few months or one to two 
years, only to succumb to chronic renal failure 

Adult form The onset of the presentmg symptoms usually occurs 
when the patient is about 40 years old, but the age of onset may range 
from 8 years to 77 years These may be entirely renal wth h$matuna, 
clot colic, or acute pyelonephntis, or they may be more generalised, 
when they are due to renal failure or hypertension Son\etunes the 




Fig 34 4 Pol)c>-stic kidoe>s. An loliavenous pyelogram illustrating the 
distortion of the peivu and calyces by the cysts 
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patient complains of abdominal distension, or pain following some 
relatively minor trauma. Proteinuria is always present and may be 
the first abnormality to draw attention to the renal disease. 

Hypertension develops in only about 75 per cent of cases and is 
rarely malignant. As renal failure develops the usual fall in haemo¬ 
globin tends to be less pronounced than in other forms of renal disease. 
In some patients there is no significant fall in haemoglobin. 

By the time the patient begins to complain of symptoms the kidneys 
are usually easily palpable and have a characteristic “ knobbly ” feel. 
The diagnosis is confirmed by an intravenous pyelogram which shows 
the pelvis to be elongated with the calyces stretched out, and their 
peripheral ends shaped into crescents of varying sizes (Fig. 34.4). Early 
disease showing only unilateral abnormalities may be difficult to 
differentiate from solitary cysts or a tumour. 

Prognosis 

The rate of renal impairment and the pattern of events varies 
enormously from patient to patient, but certain families show a tendency 
towards a recurring pattern. 

Death is due either to chronic renal failure from compression of 
the renal parenchyma by the enlarging cysts, and chronic renal 
infection; or from hypertensive cardiac failure, and cerebrovascular 
accidents. Hypertensive cardiac failure is the most common immediate 
cause of death. 

The average age of death is about 50 years, i.e. the average duration 
of the disease once it has become manifest is 5 to 10 years. There are 
wide variations around these means, however. If renal infections are 
promptly treated some patients live many years without appearing to 
deteriorate. 

Treatment 

If the disease is almost confined to one kidney which is subject to 
recurrent infections and is functionally useless it may be wise to remove 
it, after first establishing that the function of the other kidney is 
adequate. 

When the disease is bilateral the only measure which may cause any 
improvement is the evacuation of some of the larger cysts-in order to 
relieve the pressure upon the residual parenchyma. 'The functional 
results of such operations, however, have not often been investigated; 
attention has been paid rather to the improvement in appearance of 
the intravenous pyelogram, and the continued survival of the patient. 
Until now there has not been a convincing demonstration that the 
operation will in fact prolong life; some authorities categorically 
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deny that renal function is improved Nevertheless, there is general 
agreement that the operation is sometimes most useful m the rehef of 
recurrent pain and haimatuna and that occasionally there has been 
rehef of hypertension It is considered that the operation should only 
be perforroed on one side at a tune, for there is often a relatively severe 
transient post operative deterioration m renal function 

Otherwise, treatment is symptomatic and is that of renal failure, 
renal infection, hj’pertension and cardiac failure 

If the patient suffers from migraine or has a cerebrovascular 
accident special attention should be given to the possibihty of 
cerebral aneurysm If renal function is good prompt treatment of the 
aneurysm may extend hfe 


Solitary Renal Cysts 

Small cysts are frequently found during routine autopsies their 
size usually precludes them from having caused any ill effects 

Lai^c * soUtary '* cysts are rarely single but occur m clusters of 
tuo or three (big 34 3) They are more «>mmon on the nght side and 
more often seen m %somcn They may be situated m either pole or m 
the middle of the kidney nearly always they spnng from the paren 
cliymia, but occasionally they may be entirdy sub or extracapsular 
The parenchyma near the cyst is always considerably compressed 
They only rarely have a connection with the pelvis The contents of the 
cysts contain SOO-1 000 ml of yellow or blood stained fluid and 
sometimes considerably more The walls of the cysts are composed of 
thm fibrous tissue in which a few atrophic tubules may be seen 

Cluucal Features of Large Cysts 

The main complaint is of mtermittent attacks of abdominal pain 
mterspersed by long remissions The attacks tend to become more 
frequent as the years go by and the total duration of the history may 
be 20-30 years The pam may be associated with fever dysuna and 
occasionally with hrematuna Painless hsmatuna is sometimes the 
first symptom 

Cysts in the upper poles are particularly difficult to palpate and 
when on the right Side may cause symptoms resembhng cholecystitis 
Lower pole cysts cause gastnc and mtestmal symptoms, with nausea 
or diarrhoea, they are sdso liable to obstruct the ureter and cause renal 
infections 

The diagnosis sliouJd be evident from an intravenous pyelogram, 
which may show compression of the calyces and elongation of the pelvis 
Often the appearances are difficult to differentiate from those of a 
tumour, and sometimes the radiologtcal appearances are normal 
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Treatment 

This is surgical. If possible, a heminephrectomy is performed, 
otherwise a total nephrectomy is necessary. 

Cystic Disease of the Renal Medulla 

This condition destroys the patient either in adolescence or early 
adult life. The patient presents with severe thirst and polyuria and is 
found to have renal failure with a pronounced urinary sodium leak. 
The intravenous pyelographic changes have not been described. The 
kidneys at post-mortem show multiple cysts in the meduUa and 
sometimes a few in the cortex together with cortical atrophy. 

Sponge Kidney 

This is a radiological diagnosis of a relatively benign condition 
which is not usually diagnosed until adulthood. The I.V.P. may be 
performed because of a urinary infection or haematuria. The preliminary 
picture may show areas of calcification in the medulla. After the dye 
has been injected the I.V.P. shows multiple discrete opacifications in 
the pyramidal areas before the pelvis and calyces become opacified. 
These medullary opacities are grouped at the tips of the calyces and 
appear to branch away from them like a bouquet of flowers. It is 
characteristic that a retrograde pyelogram shows a completely different 
picture, for most of the cysts have such small connections into the 
calyces that they are not filled from below. There are very few descrip¬ 
tions of the structural changes and these are mainly from surgical 
specimens. They show collections of small cysts in the pyramids and 
medulla but the cortex is normal. 
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High Protein, Low Sodium Diet 

Protein Content 180-190 g. 

Sodium Content 30-40 mEq. 


Meal 

Breakfast 


Dinner 


Tea 


Supper 


Daily 




Food. 

Protein 

Sodiwn 

oz. 

g- 


g- 

mEq. 

5 

142 

Porridge 

2 

0-3 

2 

57 

Unsalted bread 

4 

0-2 


14 

Unsalted butter or margarine 

— 

0-2 

4 

114 

2 eggs, cooked in any way 

14 

6-6 



Milk from daily allowance for porridge and 





tea or coSee 





Sugar as desired 

— 

— 

i 

14 

Marmalade, honey or jam 


0-2 

5 

142 

Lean meat, cooked weight 

35 

4-1 

4 

114 

Potatoes, boiled, roasted or fried 

2 

0-2 



Vegetable or salad, average helping 

0-5 

0-6 



Stewed or tinned fruit, average helping 

0-6 

0-5 



Pudding using high protein Edosol milk 





from daily allowance 



2 

67 

Unsalted bread 

4 

' 0-2 

i 

14 

Unsalted butter or margarine 

— 

0-2 

2 

67 

Lean meat as sandwich filling 

14 

2-2 



Tea with milk from daily allowance 





Sugar as desired 



1 

28 

Cake made from low sodium ingredients 

2 

0-4 



(see general instructions) 



6 

170 

Fried fish (cooked weight) 

36 

12-0 

4 

114 

Potatoes, boiled, roasted or fried 

2 

0-2 



Vegetable or salad, average helping 

0-5 

0-6 



Fruit, average helping 

0-6 

0-5 



Pudding using high protein Edosol milk 





from daily allowance 



4 

114 

Ordinary milk for tea 

4 

2-5 

25 

710 

Edosol milk reconstituted + 

26 

1-1 


43 

Casilan for drinks and puddings 

39 

1-8 




184 

34-4 


All foods cooked without salt. 

In this diet, if ordinary milk is substituted for Edosol the sodium will rise by 14-6 
mEq., and if ordinary bread and butter are substituted for the low sodium varieties 
the sodium will rise by 23 mEq. 
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General In^ructiane 

Edosol U alOH sodium synthetic milk powder made byTrufood reconstituted 
according to the dircctiocs on the tin Casdan ts a calcium caseinate, a 00 per 
cent soluble prutem made by Glaxo. 

The mixture of Edosol and CasUan can be used in place of ordinary milk 
to make cereal milk puddings, custard, egg custard, milk jelly, as iicll as m 
dnnks daiourcd mlh milk shake s}nip«. coflee and malted dnnks It is not 
suitable for use in tea 

To make a low sodium diet interesting, use pepper, mustard, vinegar, lemon 
juice, home made unsaltcd chutney and pickles Herbs such as bay leaves, 
thyme and sage, and spices such as curry, cayenne pepper, papnka, cloves and 
nutmeg. To improve the flavour fry potatoes and other vegetables, toast the 
bread and use garlic and onions liberally. 
roodt low in sodium nof nuntiofud prmoutly 

Most froxen vegetables. 

Lard, dripping, olive od, dairy cream. Matzo. Rakusen's unsaJted crackers 
s^edd^ and pufled wheats, unsaltcd yeast extract made by Mannite 

Low sodium canned peas and baked beans m tomato sauce are obtainable 
through Boots. 

Rtcipejor tow sodium baking poudtr./or use uiM plain flour 


Starch ... 23 g 

Potassium bicarbonate . 40 g 

Tartanc acid . . 5 g 

Potassium bitartrate . . SO g 


This recipocan bo made up by any chemist It should be used like ordinary 
baking powder. 

,>4 cold 

All bread if not speually made without salt 
Cnspbreads such as Ryvita, cream crackers 
Ordinary cakes and biscuits 
Sell raising flour 
Cornflakes. 

Smoked, tmned and shell fish. 

Shop-prepared meats and pies, tinned meat, sausages, bacon, ham, meat 
and pastes 

Cheese, except home-made unsalted 
Salted butter and maiganne. 

Turned vegetables, tinned tomato juice 
Tinned soups, shop pickles, sauces, salad cream. 

5Ieat and yeast extracts. CoJden syrup Rennet. 

Chocolate and toflees above 1 oz per day 
Sodium bicarbonate. “ Health salts " laquonce. 

Beer, over ) pint daily. 
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General instructions for Low Protein diets 

To obtain a positive nitrogen balance at least 3,000 calories should be taken 
per day. The calorie content of the 20 g. and 40 g. protein diets are 1,600 and 
2,000 calories respectively. The additional calories are derived from the following 
foods;— 

Hycal, glucose, fruit squash, fruit juice, lemonade, boiled sweets, pepper¬ 
mints, jam, honey, marmalade, unsalted butter, lard, cooking oils, wheat starch, 
protein-free pastas and protein-free bread and biscuits. 

In the Low Protein diets with sodium restriction, all foods should be cooked 
without salt. In addition salty foods such as bacon, ham, sausages, tinned meat, 
tinned fish, smoked fish, tinned vegetables, pickles, etc. should be avoided. 

Hycal, produced by Beecham Laboratories, is a high calorie electrolyte free 
drink. One bottle contains 415 calories. Protein-free flour, bread and biscuits, 
either salted or unsalted, are available from Welfare Foods (Stockport) Ltd. and 
may be prescribed on form E.C.IO. Low-protein pasta is produced by Carlo-Erba, 
Milan. 

Low Protein, Low Sodium Diet 
P rotein Content 40 g., Sodium Content 28 mEq. 


Meal 

oz. 

8- 

Food 

Protein 

8- 

Sodium 

mEq. 

Breakfast 

1 

28 

Milk 

0-9 

0-6 


2 

66 

Egg 

6-8 

3-3 


1 

28 

Bread, ordinary 

2-4 

6-8 


i 

14 

Butter 

— 

1-6 


4 

112 

Fruit and Sugar 

0-4 

0-1 

Dinner 

i 

14 

Marmalade, honey, syrup 

— 

— 

n 

12 

Meat, cooked weight 

10-6 

1-2 


H 

98 

Green vegetables 

1-2 

0-3 



98 

Root vegetables 

0-7 

1-0 


4 

112 

Potato 

1-6 

0-2 


4 

112 

Fruit and sugar 

0-4 

0-1 


1 

28 

Double cream 

0-4 

0-3 

Tea 

1 

28 

Milk 

0-9 

0-6 


1 

28 

Bread, ordinary 

2-4 

6-8 


i 

14 

Butter 

_ 

1-6 


i 

14 

Jam, honey or syrup 

— 

— 

Supper 

4 

112 

Fruit 

0-4 

0-1 

1 

28 

Meat, poultry, offal or fish 

7-0 

1-2 


H 

98 

Green vegetables or salad 

1-2 

0-4 


3 

84 

Potato 

1-2 

0-16 


i 

14 

Butter 

- 

1-6 


4 

112 

Fruit and sugar 

0-4 

0-1 

Daily 

1 

28 

Double cream 

0-4 

0-3 

H 

98 

Sugar 




39-2 28-06 
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Mtal 

Bre^ast 


Dinner 


Tea. 


Supper or 
High Tea 
Daily 


Very Low Protein, Normal Sodium Diet 
P rotein Content 20 g. 

0*- S Pooi ProUin g 

40 112 Fruit average helping raw or steweil with 

sugar 0 5 

1 28 Bread, plain or toasted—1 slice from a cut 

loaf 2 2 

Butter or matganne 
Marmalade, honey or jam 
Tea with sugar and lemon or coSee with sugar 
1 23 Meat or cheese or 

43 Fish or 


2 66 Egg 7 

1 23 Bread or 

5 140 Potato—1 medium sized. Ined i{ desired 2 

Vegetables or salad, average helpmg, not 
toeludiog peas or butter beans 0-5 

Fruit, average helping, raw or cooVed with 
sugar 0 6 

1 28 Bread 2 2 

Bread or marganne 

Jam or honey 

Tea with sugar and lemon 

2 63 As Dmner (onuttuig meat or alternative) 3 0 

Milk—l-tablespoons 1 8 

10 7 

AllenuUtvu 

1 28 Breakfast cereal 2 

1 28 Biscuits, most lands 2 

3 84 Boded nee (or 1 oz (28 g) of raw nee) 2 

1 28 Cake, average 2 

1 28 Pastry, short 1 

1 23 Pastry, flaky 15 

1 28 Custard, made from powder 1 

1 28 Jelly, prepared 0 5 

1 28 Dairy cream O'S 

k SheUedveamxts 8 

1 28 Brazil or walnuts * 

1 23 Butter beans, hancot beans, tinned peas 2 

1 28 Milk chocolate 2 

1 28 Plain chocolate ^ 8 
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Very Low Protein, Low Sodium Diet 


Protein Content 20 g.. Sodium Content 20 mEq. 


Meal 

oz. 

i- 

Food 

Protein 

Sodium 





S'. 

mEq 

Breakfast 

4 

112 

Grapefruit segments 

0-8 

0-1 


1 

28 

Bread, plain or toasted, ordinary 

2-4 

6-8 


i 

14 

Butter 

— 

1-5 




Marmalade 

— 

— 




Tea or coffee 

— 

— 


1 

28 

Milk 

0-9 

0-6 

Dinner 

1 

28 

Meat or 

7-0 

0-8 


H 

43 

Fish or 

7-0 

3-0 


1 

56 

Egg 

7-0 

3-3 


2 

56 

Potato 

0-8 

0>1 


34 

98 

Root vegetable 

0-7 

1-0 


34 

98 

Green vegetable 

1-2 

0-3 


4 

112 

Fruit 

0-4 

0-1 


1 

28 

Cream 

0-4 

0-3 

Tea 

4 

14 

Bread, ordinary 

1-2 

3-4 


4 

14 

Butter, ordinary 

— 

1-5 




Jam or salad 






Tea or coffee with 1 oz. milk 

0-9 

0-6 

Supper 

2 

56 

Potato 

0-8 

0-1 


34 

98 

Root vegetable .^lad 

0-7 

1-0 


34 

98 

Green vegetable J 

1-2 

0-4 


4 

112 

Fruit 

0-4 

0-1 

Daily 

1 

28 

Cream 

— 

— 


34 

98 

Sugar 

— 

— 





20-2 

190 




Alternatives 




1 

28 

Biscuits, salt free 

2 

— 


3 

84 

Boiled rice 1 oz. or (28 g.) raw rice 

2 

003 


1 

28 

Cake, salt free 

2 

— 


1 

28 

Butter beans, haricot beans, tinned 






peas (Dietade) 

2 

0-2 


1 

28 

Jelly, prepared 

0-6 

—■ 


1 

28 

Cream, double 

0-4 

0-1 
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pROTCiN, Sodium and Potassium Content of Certain Foods 


F09d 


Cheese (Chcdilu) 

Cow's milk 
Cream (double) 

Edosol milk (reconstituted) 
Complaa . . 

Casilam .... 

Ice cream 
Korheks 

Egg .... 

lies! (steak vrith fat, grtUtd) 
Beet (steued lean only) . 
Mutton (leg Mith fat, roasted] 
Mutton (chop, tried, lean only) 
Chicken (boued) 
llaia (boded). . 

Liver (calf, fried) 

Tonsue (ox, pickled) 
t'eai (cutlet, fned) . 

Sausage (pork, fned) 

Cod (steamed) 

Cod (tned in batter] 

Cod (gnUed) . 

Kenug (Ined) 

0)*8tcn 4 
rialce (steamed) 

PUlce (fned in batter) 
Porridge (cooked) . 

Comdakes 
Eneigea fiaVes 
Bread (nhite). 

RytiU .... 
Cream crackers 
Puffed iihcat. 

Bread (uosaltcd, white) . 
Energcn rolls (per roll) . 
Flour .... 
Spaghetti 
Rice (boded) . 

Butter or margarine 
Butter or marganne (unsalted] 


U4 
11 9 
S5 2 
30 3 
2S0 
22 8 
26 2 
S3 1 

29 0 
191 

30 4 
n 5 
180 

20 7 
57 0 

21 8 
102 


17 1 
28 7 
19 0 
0 25 


10 S 

10 e 
66 
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Foods High in Potassium and Low in Protein 



Food 

Cereals 

All Bran 

Malt bread 

Ryvita .... 

Fruit and nuts 

Apricots—dried, stewed 
Apricots—tinned in syrup . 
Bananas .... 
Dates .... 

Figs—dried, stewed . 

Grapes—black . 

Prunes—dried, stewed 
Chestnuts—shelled 

Vegetables . 

Beetroot, boiled. 

Mushrooms, fried 

Potatoes, old and new boiled 
Potatoes, baked in skin 
Potatoes, roasted 

Potatoes, chips 

Spinach, boiled . 

Tomatoes, fried. 

Drinks 

Bovril .... 

Marmite .... 


Potassium 
mEq./lOO g. 

24-5 

9-5 

12-0 

20-0 

6-6 

8-9 

19-3 

14-8 

8-1 

8- 5 
12-7 

9- 0 
14-6 

8-4 

17-4 

19-1 

26-2 

12:6 

8-6 

mEq 

per teaspoon 
5-6 
4-4 


Food values have been obtained from McCance and Widdowson’s 
tables*; in some instances average figures have been used. 

The author would like to thank Miss M. M. Ramsey and Miss E. P. Skinner 
of St. Thomas's Hospital and Miss F. Toy and Miss M, Bass of Fulham Hospital 
for their work on this Appendix. 


* McCance, R. A., and Widdowson, E. M. (1946). The Chemical Composition of 
Food. Med. Res. Court. S-pec. Rep. Ser., No. 235. 
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SOME NORMAL VALUES 

Renal Functional Capacity 

Some Normal Values Jor Young Subjects, 1'73 sq m. Surface Area 

Reoa] plAsisa flow.612 ± 68 ml /mia 

Renal blood flow ...... Approximately 1,200 ml /nun 

Glomerular filtratioa rate 

I. Inutm clearance.112 ±15 ml/nun 

Adult males by age groups* 

20-29 >Ts 123 ± 18 ml /mm 
60-69 yrs 99 ± IS mi /mm 
90-89 yrs 6S ± 20 ml /mio 

2 Creatuuse clearance .... Approximately the same as innlin 
Urea clearance (at unne flos^s greater than 

2 ml/nun). ..... 7S ml/cun 
Maximal Tubular Capacity (Tm) 

1. To reabsorb glucose .... 323 ± 64 mg /mm. 

2. To secrete PAH ..... 68±llmg/nun 
Ability to concentrate (Fluid depnvattoa) . SOO to 1,200 m osmole/l 

(I e S G 1 022 to 1 032) 

Ability to dilute.40 to 80 m. osmole/1 

(le SG I 002) 

Ability to excrete a water load ol I litre . . 800 m) excreted is next 4 boun. 

’Shock, N. W (1916). *'IGdoey luocUoo tests m aged males'' Ctnainct, 1,2Z2 


Daily Urinary Excretions 


Twenly'fouT'hour output, on a mixed d\et. These 
figures are given only as a guide 


AituostA . 


. 30 to 00 oiEq. 

Caxa^uk . 


. go to 400 mg. 

COFKOPOJlPilYRlN, total 

. 14 to 100 pg. 

Cbloride . 


. go to 200 mEq 

Creatine : 

Cluldren 


• up to 150 mg 

Women 


. small amounts 

Men . 


. mi 



. 0 S to 1-8 g. 

DtASTASE . 


. 8,000 to 30,000 units 

Glccose . 


. 16 to 132 mg. 



. 80 to 200 mEq. 



. 4-8 to 7-4 



. go to 200 mEq. 

Tiiratable Acid 


. 20 to 30 m£q. 

(Hydrogen ma) 

Ursa 



Uric Acid 


. 0-1 to 2 0 g. 



. Less than 2 mg. 

Volome . 

aei 

. 1,000 to 2.000 ml. 
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Plasma Contents 


Albumin 

Albumin/Globulin Ratio 
Bicarbonate 

(see Carbon dioxide) 
Bilirubin (total) 

Calcium .... 


Carbon Dioxide 
Chloride 
Cholesterol . 

Creatine 
Creatinine 
Diastase 
Fibrin(ogen) . 

Globulin 

Glucose : Capillary. 

Venous 

Osmolality 

pn . . . . 

Phosphatase: Alkaline . 

Acid. 


Phosphorus 
(inorganic) 
Potassium 
Sodium . 
Sulphate 
Urea 

Uric Acid 


4-0 to 6-7 g./lOO ml. 
1-2/1 to 4/1 


Useful average 
4-8 g./lOO ml. 
2/1 


Less than 0-8 mg./lOO ml. 

Total . . 8-6 to 10-5 mg./lOO ml. 

Diffusible . 3-6 to 6-6 mg./lOO ml. 
Non-diffusible 2-8 to 6-1 mg./lOO ml. 
25 to 31 mEq./l. 

99 to 108 mEq./l. 

Total, 120 to 240 mg.lOO ml. 

Ester, 60 to 80% of total . 

0-2 to 0-6 mg./lOO ml. 

0-8 to 1-4 mg./lOO ml. 

90 to 160 unite/lOO ml. 

200 to 400 mg./lOO ml. 

1-5 to 3-0 g./lOO ml. 

Fasting or noon, 80 to 120 mg./lOO ml. 
About 10 mg./lOO ml. lower 
276-285 m. osmole/kg/H^O 
7-37 to 7-4 

King-Armstrong, 3 to 13 units/100 ml. 
Bodansky, 1-5 to 4-0i units/100 ml. 
King-Armstrong-total 1 to 5 units/100 
King-Armstrong-formaldehyde stable, 

0 to 4 units/100 ml. 

Adults, 2-4 to 4-5 mg./lOO ml. 

Children, 4-0 to 6-6 mg./lOO ml. 

4-0 to 5-6 mEq./l. 

137 to 148 mEq./l. 

0-6 to 1 mEq./l. 

15 to 35 mg./lOO ml. (adults)- 
10 to 25 mg./lOO ml. (pregnancy) 

■2 to 0 mg./lOO ml. in women 
2 to 7 mg./lOO ml. in men 


9-6 mg./lOO ml. 


27 mEq./l. 

103 mEq./l. 

200 mg./lOO ml. 
70% of total 
0-4 mg./lOO ml. 
1 mg./lOO ml. 

300 mg./lOO ml. 
2-4 g./lOO ml. 
100 mg./lOO ml. 

280 m. osmole/ 
kg/HjO 7-40 


ml. 

4-0 mg./lOO ml. 

6 mEq./l. 

142 mEq./l. 

25 mg./lOO ml. 

6 mg./lOO ml. 


Approximate Composition of Various Body Fluids 


Fluid 

HCO3 

mEq./l. 

Cl 

mEq./I. 

P 

*mM./I. 

Na 

mEq./l. 

K 

mEq./l. 

Protein 

g-/l- 

Water 

g-/l- 

Serum . 

25 

100 

2 

142 

4-3 

70 

940 

Interstitial fluid 

28 

in 

_ 

145 

3-3 

traces 

993 

Spinal fluid . 

21 

125 

_ 

147 

2-8 

0-3 

993 

Gastric juice. 

— 

145 

— 

50 

12-0 

mucus 

993 

Bile 

38 

108 

_ 

150 

5-0 

mucus 

990 

Pancreatic juice . 

■ 110 

40 

_ 

140 

5-0 

mucus 

993 

Jejunal juice 

30 

no 

_ 

138 

6-0 

mucus 

993 

Sweat) 

— 

40 

_ 

42 



993 

Intracellular fluid : 
Skeletal muscle 


mEq./kg. 

mM./kg. 

mEq./kg 

mEq./kg. 

g-/kg- 


amounts per kg. 

1 







of intracellular 

f - 

3 

107 

7 

166 

306 


water 

J 








•mM, or millimole, is the molecular weight in milligrams, 
j i he composition of sweat may vary considerably. 
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Body Contekts of Sodium and Potassium Red Cell 


Mass A^D Fluid Volumes 

Man Woman 

70 Kg 57 Kg 

Total exchangeable Sodium 2 950 mEq 2 250 mEq 

Total exchangeable Potassium 3 200 m£q 2 300 laEq 

Plasma Volume 2 831 2 401 

Red cell Mass 2 I I 181 

Extra-cellular fluid 141 HI 

Intra cellular fluid 2a 1 201 

Total body water 291 311 


Equivalent and Molecular Weights 
EqunaUiii WeigJis 

V 14 Mg 12 

K 39 P 10(%dnable) 

Ca 20 Cl 35 5 

^a 23 O 8 

Moleevlar Wttghlt 

Na Citrate (2HaO) 

NaCl 
Na Lactate 
Na HCOj 

Naa HPO* (I 2 H 3 O) 

Na H,PO« CHjO) 

K HCO s 
KCl 

K 3 Citrate (HjO) 

K Acetate 
K, HPO* 

NH 4 Cl 

Ca gluconate {H 3 O) 

CaOa 

Ca Lactate (SHaO) 

3IaaaitoI 
Glucose 


294 0 
58 5 
112 0 
84 0 
358 2 
156 0 
1001 
74 6 
324 4 
98 1 
174 2 
53 5 
448 4 
111 0 
308 3 
180 0 
180 2 
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Abdomen, renal disease and, 11 ] 

Abortion, criminal, acute renal failure and, 
336, 337 

renal ischaemia and, 93-4 
Abscess, perirenal, 16 
Acetazoleamide, 57, 360 
Acid-base balance, 54-67 

in chronic renal failure, 179-80 
Acidosis, diabetic, 317, 323 
hyperchloraemic, 172, 216 

after ureterosigmoidostomy, 228, 229 
in chronic renal failure, 179 
metabolic, 61 

in diabetic ketosis, 318 
renal tubular, 67, 71, 172, 216-19 
polyuria and, 304 
potassium deficiency and, 200, 203 
primary, 218 
treatment, 218-19 
respiratory, 59-60 

systemic, in chronic renal failure, 167-8 
ACTH, in polyarteritis nodosa, 261 
Addison’s disease, 71, 197 
diuresis induction, 123 
Adrenal function, experimental hyper¬ 
tension and, 110-11 

Adrenal hormones, bicarbonate excretion 
and, 58 

Adrenal steroids, in nephrotic syndrome, 
132-5 

in adults, 136 
in children, 133-5 
side effects, 134 
in polyarteritis nodosa, 261 
Adrenaline, 68 

Age, kidney function and, 89-91 
Agenesis, renal, 373-4 
bilateral, 373 
unilateral, 374 

Albumin concentration, in nephrotic 
syndrome, 128, 129 

Aldosterone, concentration, renal artery 
occlusion and, 110, 111, 112 
salt retention and, 123 
secretion, blood volume changes and, 
70, 122 

Aldosteronism, primary, 123 
secondary. 111 

^22^8 pyloric obstruction. 

Alkalosis, extracellular, 229 
metabolic, 62-3 
renal function and, 222-7 
potassium deficiency and, 199, 203 
respiratory, 62 
Allopurinol, 369, 360, 364 
Amines, retention in chronic renal failure. 
171, 172 


Amino-acids, excretion, 78-9. See also 
Amino-aciduria. 

reabsorption, congenital impairment, 
211-12 

Amino-aciduria, 78-9 
impaired phosphate reabsorption and,210 
in Fanconi syndrome, 214^15 
in nephrotic syndrome, 129 
Aminophylline, 95 

Ammonia, absorption, after uretero¬ 
sigmoidostomy, 228 
excretion, 63-5 

impairment, uric acid calculi and, 369 
in potassium deficiency, 200 
in renal tubular acidosis, 218 
tests for. 65-7 

production, plasma carbon dioxide and, 
60 

Ammonium chloride, tubular function 
tests, 65-7 
Ampicillin, 289, 291 
in nephrotic syndrome, 134 
Amyloidosis, familial, 366 
myelomatosis and, 362, 363-4, 365 
renal. 94, 112, 365-7 
renal vein thrombosis and, 343 
Anaemia, hamolytic, acquired, 348 
in acute tubular necrosis, 161 
in chronic renal failure, 172, 177 
treatment, 181-2 
in paroxysmal nocturnal hamo- 
globinuria, 350 

renal blood flow and, 95-6, 111-12 
renal failure and, 104, 105 
sickle cell, 304 

Angiotensin, adrenal function and, 110 
hypertension and, 108, 110-11 
sodium reabsorption and, 68 
Anions, anuric, 150 
Antibiotics. See also under names. 
in acute pyelonephritis, 287-9, 290-1 
in nephrotic syndrome, 134 
post-abortal, 338 

Antidiuretic hormone (ADH), acute renal 
failure and, 143 
deficiency, polyuria and, 303 
in acute hamoglobinuria, 347 
in infancy, 89 
osmotic diuresis and, 51-3 
secretion, diurnal rhythm, 85 
impairment, 303-13 
inappropriate, 355 
stimulation by hypertonic saline, 
312, 313 

stimulation by nicotine, 312-13 
stress inhibition, 13 
urine concentration and, 121-2 
1 urine osmolality and, 40, 42-6, 6Q 


301 
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Anuria, c&Iculi, U6 

Aorta, coarctation, renal hypertension 
and, 111 

Aortography, in renal bypertensjon. llg 
Arglnlnuila, 211, 212 
Antne, toxicity, 351 
Arteriograpby, alter renal biopsy. 17 
renal. 14-15 

Arteriole*, aUerent, 3. 6, 7 
efierent, 2. 0. 7 
^bnacid flccrosir, 113 
glomerular, necrosis, In lupus erythe* 
matosus, 203 

in polj aitcntis nodosa, 257 
in subacute bacterial endocarditis 
366 

role in glomerular filtration, 19 
Arterio-venous shunis, post biopsy, 17 
Artery, arcuate, 0 
intialobar, intimal tbickenins, 113 
renal, 5-8 

occlusion, h>-pertension and. 107-8 
JIO, 

plasma concentration. 21 
pr^ure changes, 93-9 
resistance, 97-9 
stesosi*. 117 
renal biopsy and. 18 
structural ebasge* iq bypcrtcnsion. 
iia-u 

thrombosis, 342-3 
ArthriUs, acute, 3S5-41 

u chrome renal failure, 171 
rheumatoid, amyloidosis and, 360 
Asdics, ta acphraUe syndremc, 130 
Atheroma, renal, 115, tI9 
Autobcmolysla, 351 
Azottdoprine, 130 


Baeillus prottas, 270, 278, 293 
Bacterluna, asymptomatic, acute 
pyelooephntu and, 280, 287 
in chronic pyelonephntis. 394 
persistent, is pregnancy, 328-31 
Baking powder, low sodium, 38S 
Baibltontes, porphyria induction, SOI. 
355 

Basement membrane, glomerular, 2 
structure, 3 

Bence-Jones proteinuria, in myelomatosis. 
303. 364 

Bicarbonate, plasma levels, metab^ie 
acidosis and, 51 
tubular excretion 58--9 
tubular reabsorptiOD, 65-0 
alkalosis and, 63 
glomerular filtration rate and. 57 
impairmestin chronic renal failure, 
169 

normal maximum rate (Tm}, 59^ 80 
tests lor abnormalities, 69 
Biopsy, renal, 15-17 

Mind technique, 15-16 


Biopsy, renal, contraindications, 16 
hypertension and, 118 
in acute glomerular nephntis, 239 240 
xn acute pyelonephntis 2S3, 2Si 
in aldosteronism, 201-2 
prior to nephrectomy. 298 
senal, in lupus erythematosus, 264 
Blackwater fever, 3o0-l 
Bladder, unnary', distension, 11 
Blood, circulation, insufficiency, 92-3 
renal, 92-103 
I pH concentration. 54 
I renal fiour S(t Hidney, blood supply 

I shunting, renal, 90-101 

I transfusion 

in acute renal iiilure 154 
in chronic renal failure 9S-6 172,182 
mismatched, hsmoglobinuna and. 
349-50 

vessels, lesions in chronic renal failure, 
176-6, lSO-1 

volume, sodium reabsorption and CS, 
69. 70 

thirst and 121, 122 
Body fluids, composibon, 392 

osmolality, water excretion and, 121 
volume and concentration control, 
121-2 

Bone, decalcification, bypcrcalcuria and 
206 

disease bypercalcvna and 20S 

lesions, in chrome renal failure, 168, 
169-70 

marrow, function in chronic renal 
failure. 172 
Bowman's capsufe, 2 

ceil prohferaboQ m glomerular 
nephritis, 245. 216 

Bradycardia, in acute n^hntic syndrome, 

192 

Breath, utzmic, 173 

Bright, os glomerularnephritis, 233—4 

Bums, bsemoglobinuna and, 361 


Calclfetol, in chrome renal failure. ISO 
lo impaired phosphate reabsorptiQii 

211 

Calduna. deposition in myelomatosis, 362 
excretion, 74-6 See also Hypercalcuria 
unpaired intestinal absorption, 209-lf 
increased absorption, hypeicalcuna and, 
205-6 

metabolism in chronic renal failure, 
169-70. 180 

reabsorption, congenital impaiment, 
213-14 

Calculi, anuna, 146 
renal, 11 
calcium, 213-14 
chronic pyelonephntis and, 293 
cystine, 212 
uric acid, 356, 369, 360 
xantiune, 212 
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Calyces, distortion, in acute pyelonephritis, 
284, 285 

in chronic pyelonephritis, 292 
visualisation in I.V.P., 13 
Capillaries, glomerular, 2 

in diabetic nephropathy, 320 
wire loop lesions, 262, 368 
increased filtration in nephrotic syn¬ 
drome, 139 

peritubular venous, 6, 6 
Capillaritis, acute glomerular, 94 
Carbohydrates, intravenous administration 
in acute renal failure, 157-8 
Carbon dioxide tension, alkaline urine and, 
59 

alkalosis and, 62-3 
metabolic acidosis and, 61 
respiratory acidosis and, 59 
tubular hydrogen ion secretion and, 
56 

Carbonic anhydrase, inhibition, hydrogen 
ion secretion and, 57 
tubular hydrogen ion secretion and, 
55, 56 

Carcinoma, of bone, hypercalcuria and, 206 
renal, polycythasmia and, 104 
CasUan, 384, 385 
in nephrotic syndrome, 137, 138 
Casts, granular, 36, 37 
hyaline, 33, 36, 37 
urinary, 33-7 

Cations, metallic, loss, renal function and, 
195-208 

Cells, endothelial, 2 
epithelial, 2 

electron microscopy, 3 
lacis, 9 
mesangial, 2 

in acute glomerular nephritis, 240 
proliferation in persistent glomerular 
nephritis, 246 
syncytium, 3 

Cellulose phosphate, in idiopathic hyper¬ 
calcuria, 213 
Cephaloridine, 289, 290 
Chloride, deficiency, 195-8 

aetiology and diagnosis, 196-7 
clinical features, 195-6 
treatment, 197 
excretion, 71-2 
potassium deficiency and, 199 
loss, in pyloric obstruction, 224-5 
plasma, hydrogen ion secretion and, 58 
Chloroquine, in lupus erythematosus, 265 
Chlorothiazide, 139 
hyperuricsmia induction, 357-8 
in nephrogenic diabetes insipidus, 306 
Chlorpromazine, in chronic renal failure 
182, 183 

“ Clearance " quotient, 20-1 
Colic, renal, 359 

Collagen, glomerular replacement, 247 
Collecting ducts, 1 
distribution, 2 


Complement, serum, in glomerular 
nephritis, 235 

Convulsions, in chronic renal failure, 174 
in pregnancy toxsmia, 331, 334 
Cor pulmonale, 93 
Cortex, renal, 1 
blood flow, 92 
ischsemia, 100 
necrosis, 93 

in pregnancy, 337 

scarring, in acute pyelonephritis, 284, 
285 

in chronic pyelonephritis, 292-3 
Cortico-medullary junction, 5, 6 
Corticotrophin, in nephrotic syndrome, 134 
Cortisone, in hypercalcaamia, 206 
in renal polyarteritis nodosa, 260 
sodium reabsorption and, 68 
Counter current exchanger, 44 
Counter current multiplier, 42 
Creatinine, clearance, 20, 21, 24 

in chronic pyelonephritis, 295, 296 
in nephrotic syndrome, 129-30 
twenty-four-hour procedure, 

24-5 

plasma levels, dietary protein and, 28, 
30, 31, 32 

glomerular filtration rate and, 28-32 
in chronic renal failure, 171 
Crush injuries, 145 

myoglobinuria and, 352 
Cryofibrinogen, plasma, in pregnancy 
toxEemia, 332 
Crystailuria, 146 
Cushing’s disease, 316 
Cyanocobalamin, 23-4 
Cyclophosphamide, 136 
Cystine storage disease, 211-12 
Cystinosis, 214^16 
Cystinuria, 78, 211-12 
Cytoplasm, glomerular, in nephritis, 238, 
240 

Cytotoxic drugs, hyperuricaemia and, 357 
in anaphylactoid purpura, 268 
in lupus erythematosus, 265 
in nephrotic syndrome, 136 
in rapidly progressive glomerular 
nephritis, 250, 251, 255 
renal blood flow and, 94 


Dehydration, in acute haemoglobinuria, 347 
in chronic renal failure, 167, 173-4, 
178-9 

renal blood flow and, 94 
tubular urine concentration and, 47-9, 
51 

Diabetes insipidus, 306-7 

differential diagnosis, 306-7 

from compulsive water drinking, 
308-13 

nephrogenic, 304 
familial, 305-6 
of infancy, 306 
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Diabetes insipidus, plasma osmolality in. 
3J3-14 

pol>una and, 303, 30t 
ticatmcnt. 3U7 

\asoprcssm and fluid deprivation 
test. 310-13 
Diabetes meilllus, 04 

ketosis and. 01. C4, 03. 317, 310 
potassium loss, 301 
kidney in, 317-24 Set also Kephro- 
patby, diabetic 
with ketosis. 313 
vnthout ketosis, 317 
pregnane)- and, 317 
pscudorenal, 3IG 
pjeloncphntis and, 323-24 
renal, 310 

Dlaginol. Set Sodium atetneoate. 
Dialysis. Set also lixmodialysis 
in acute renal failure. 139-C3 
indications, 101-2 
in oUgunc renal failure 133 
pentoneal. in acute renal failure. ISO 00 
in chronic renal failure. 184 3 
m renal failure of pregnancy. 333 
sepsu nsk, 139 
renal biopsy and. 10 
Diet, high protein, low sodium. 334 
low protein, in chrome renal failure 
183-4 

low sodium. 2S0 

very low protein, normal sodium. 387 
Dlodone, in renal artenugraphy. 14. IS 
Diuresis, emotional. 49 
la acute glomerular nephritis, 243.244 
osmotic. Set Osmotic diuresis 
uncontrolled, in porphyria. 3S5 
Diuretics, hypemncsmia loductioo. 
357-S. 359 

in familial nephrogenic diabetes 
insipidus. 300 

in nephrobe syndrome. 133-9 
DluTsal rhythm, S5-S 

causes of derangement. 83, S7 
D-penlcUlamlne, in cysUnuna, 212 
Dwarfism, in impaired phosphate re- 
absorpbon, 210 

Dyspnaa, m acute nephntic syadnome, 
193. 193 

in chronic renal failure, 181 


Ear shape, congemtal renal abnormahtics 
and, 373 
Eclampsia, 145 

renrd changes, 331-0, 337, 338 
renal ischsmia and, 93-4 
Ectopia, renal, 339, 374-5 
Edosol, 384, 385 

Electrocardiography, in acute tubular 
necrosis, 152 

Electrolyte balance, glomerular filtration 
rate and, 124 

in chronic renal failure, 163-9,178-80 


Emphysema, 69 

Eocephafopatfay, hypertensive, 174, 242 
in acute nephntic syndrome, 194 
m pregnancy. 331. 336 
Endaiteiltis obUierans, in polyarteritis 
nodosa. 257 

Endocarditis, sub-acutc bacterial, renal 
disease and 265-7 

Erythrocyte sedimentation rate, in acute 
glomerular nephntia, 241 
in rapidly progressive glomerular 
nephntis 249 
Erythropoiesls, 104-6 
Er^hropoletln, renal, 104-5 
EseiencHia colt m acute pyelonephntis. 
276, 278 

Ethacrynlc acid. 139 
Eierdse hxmogloblnuria, 348-9 
Extracellular fluid, renal function and. 
19-20 

tonicity renal control. 121-2 


Fanconl's syndrome, 211, 212 214-16 
glycosunaand 317 
polvuna and, 304 
Fibrinoid necrosis, 113 
** Ftbtomuseular hyperplasia/’ 116 
FJek renal plasma flow calcujahon, 21-2 
FUUaUoa frartlon, 19 
9*a>fluorob)drocorUsone, 17, 123 
Feetus, kidney function 89 
Foods. See also Diet 
high potassium, tow protein 300 
mineral content, 389 390 
Ftusemide, 139 

bypcruncsmia induction, 357-8 
m familial nephrogenic diabetes 
insipidus, 306 

FucbS'Rosentbal counting chamber, 34 
Furadanloln, 330 


Gastroenterostomy, glycosuria and 316 
Castro-latestlnal disordeis, acute tubular 
necrosis and 152 
chronic renal failure and, 173-4 
ClobuliA excretion, in nephrotic syndrome, 
128 

Glomerular filtration, 19 

filtrate composition, 19-20 
potassium excretion and 72 
rate, acute tubular necrosis and, 160 
after ureterosigmoidostomy, 228 
bicarbonate reabsorption and, 57 
creabnine clearance and, 24-5 
deetrolyte balance and 124-5 
hamatoent changes and. 96 
hypertension and. IIS 
hyperuncsmia and. 357 
in hypercalcsemia, 204 
in infancy, 89 

In nephnbe syndrome, 190-1 
in nephrotic syndrome, 129-30 
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Glomerular filtration, rate, in pregnancy, 
327 

inulin clearance and, 23 
meaisurement, 21, 23-33 
metabolic acidosis and, 63 
plasma urea and creatinine levels 
and, 28-32 

urea clearance and, 26-7 
vitamin B12 clearance and, 23-4 
sodium clearance and, 67, 69 
Glomerulus, 1 

capsule. See Bowman’s capsule, 
fibrinoid deposits, in pregnancy 
toxaemia, 333 
function tests, 23-7 
juxtamedullary, blood supply, 7 
Kimmelstiel-Wilson lesions, 320, 321, 
323 

lobular stalk thickening, 240 
necrosis, 113 

in polyarteritis nodosa, 257, 258 
structure, 2-3 
wire loop lesions, 262, 368 
Glucose. See also Glycosuria 
reabsorption defects, 316-17 
transport, maximal tubular capacity, 
79-82 

Glutaminase, 84 
Glutamine, 64 
Glycosuria, 71, 316-7 
diabetes mellitus and, 317-20 
impaired phosphate reabsorption and, 
210, 214-16 
in infancy, 90 
in pregnancy, 327 
nephrotic syndrome and, 131 
polyuria and, 304 
renal, 211, 316 

diabetes mellitus and, 317 
Goodpasture’s syndrome, 237, 268-9 
Gout, 356-61 

renal failure incidence, 357 


Heematemesis, in chronic renal failure, 
172, 174 

Heematocrit, changes, renal blood supply 
adjustment, 95-6 
in chronic renal failure, 172 
renal blood, 8 
Haematoma, perirenal, 16 
renal, hypertension and, 112 
Haematoxylln bodies, 262 
Hmmaturia, in polycystic disease, 379, 381 
in renal artery thrombosis. 342 
in renal tubular acidosis, 218 
macroscopic, urine colour and, 36 
polyarteritis nodosa and, 269 
recurrent, in persistent glomerular 
nephritis, 244, 246, 251-2 
renal biopsy and, 16 
renal polycythamia and, 106 
Haemodialysis, erythropoiesis and, 105 
in acute renal failure, 160-1 


Haemodialysis, intermittent, in chronic 
renal failure, 186 
uraemic polyneuropathy and, 175 
Haemoglobin, free, 346 
urinary, 37 

Haemoglobinaemia, 350 
after prostatectomy, 361 
after trauma, 351 
Haemoglobinuria, 346-51 
acute, renal changes in, 347 
aetiology, 348 

after haemolysis in urine, 351 

after intravascular haemolysis, 348-61 

after mismatched transfusion, 349-50 

after trauma, 351 

chronic, renal changes, 348 

cold, paroxysmal, 361 

definition, 346 

march. 349 

nocturnal, paroxysmal, 360 
plasma hypotonicity and, 361 
tests for, 346-7 

Haemolysis, intravascular, haemoglobinuria 
and, 348-51 
Haemophilia, 16 
Heemophihis influenza, 278 
Haemoptysis, in Goodpasture’s syndrome, 
268, 269 

Haemorrhage, blood urea levels and, 30 
in chronic renal failure, 171, 172, 174 
treatment, 182 

in pregnancy, acute renal failure and, 
337, 338 

renal biopsy and, 16 
renal ischaemia and, 92-3 
Haemosiderin, tubular, 347 
Haemosiderinuria, 346 
persistent, in chronic haemoglobinuria, 
348 

tests for, 347 
Haptoglobins, 346 

Heart failure, blood urea levels and, 30 
blood volume and, 122-3 
in chronic renal failure, 181 
renal vasoconstriction and, 93 
salt and water retention in, 122 
Heparin, in peritoneal dialysis, 169, 161 
Heparinisation, regional, 161 
Hiccough, in chronic renal failure, 173, 
182 

Horseshoe kidney, 376-6 
Hyaline casts, 33, 36, 37 
Hydrogen ion, excretion 

ammonia excretion and, 64 
hypercalcaemia and, 204 
gradient, defective, 216-9 
loss, in pyloric obstruction, 224 
metabolism, in chronic renal failure, 
167-8 

retention, 218 

tubular excretion, tests, 66-7 
Hydronephrosis, 11. 16 
polycj^haemia and, 104 
Hypaque, 12 



Hypendieoallsm, renal blood flow and, 94 
Hypctsmla. causes, 05 
H^’peraldosterooUm, m nephrobc syn- 
drotne, treatment, 132 
magnesmm excretion and, 207 
primary, renal potassium loss and. 201 
H)percalcsmJa, 51, 304 
a;tiology and diagnosis, 205-6 
clinical ieatures, 204-5 
gastrointestinal lesions, 204 
faypercalcuna and, 74 
idiopathic of mlancy, 200 
renu structure and function in. 204 
treatment, 205-7 

unuary hydrogen ton excretion and, S3 
Hipercaicurla, 74-5, 304 
etiology and diagnosis, 205-6 
clinical features, 204-6 
idiopathic. 213-^ 
m renal tubular acidosis, 216 
renal failure and, 203-7 
renal structure and function in, 204 
tests for. 74-5 
treatment, 206-7 

llnercbolesIcrolcerBis, uj nephrotic sya- 
drome. 131 

Hypcremesli gravidarum, 329 
Hyperglyesmla, glycosuria and. 316 
Hypmcphioma, 16 

Kypeiparalbytoldfsm, bypercaleuna and. 

206 

treatment, 207 

in chronic renal failure, 169-70 
primary, 77 

secondary, unpaired phosphate 
reabsorptioa and. 210 
Hypertension, 107-20 Sit also 

Encephalopathy, Retinopathy 
essential, hyperunezsua and, 359 
expenmental, 107-12 
In nephritic syndrome. 192-3 
in polycystic disease, 380 
in pregnancy toxasmia, 333, 334, 335-0 
m scleroderma, 368 
intravenous pyelography in, 13 
rsahgsant, 94, 111 

m chronic renal failure, 176-6 
treatment, 180-1 
m radiation nephritis, 372 
in renal artery thrombosis, 313 
renal changes. 113 

renal, artenal o^usion and, IC7-8, 410, 

as . 

expenmental, 107-8 | 

fnnctioaal changes in, 115-16, 417 
penrenal compression and, 110, IIZ i 
renal blood fiow and, 97 
stTuctutal changes la, 115-14,416-17 j 
vicious circle, 108-9, 112 I 

wc^ge-shaped lesions in, 114 
renopnval, 103, 109 I 

s^um excretion and, 68-9 ! 

unilateral chronic pyelonephritis and, ■ 
297-8 I 
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Hypertension, unilateral renal disease and, 
116-19 

vascular lesions, in chronic renal failure 
175-6, 180-1 

Hyperurlcxmfa, causes 357 
clinical features, 358-9 
/amdial, 357 
in myelomatosis. 363 
in pregnancy toxsmia, 334 
renal hypertension and 114 
renal structural changes and 356 
treatment, 359-60 
unc acid retention and 357 
Hyperventilation, 62 

Hypoadrenalisra, renal blood fiow and 94 
Hypoalhuminsi^a, m nephrobc syn 
drome, 129 

Hypocalcxoda, in chrome renal failure. 
170 

Hypokalxmla, paralysis and 229 
Hypophosphatxmia, fanuhai 209-11 
in idiopathic hypercalcuna 213 
liypophysectoiay, in diabebcnephropathy, 
323 

Hypopituitarism, renal blood flow and 94 
Hypoplasia, renal. 374 
Mypoprotelnsmla, in nephrobc syndrome. 

127 128. 129, 131, 136-7, 192 
in renal amyloidosis. 366 
adesa and, 123 
protemonc 126 

Hipothalamus, thirst sensation and 121 
Hypouricamla, 358 
in xanthinuria 212 
Hypovolsmfa, 92-S 
in nephrobc syndrome 137 
Hysirria, compuuive vrater drulong and, 
307, 308 


immunisation, gammaglobulin loss and, 
123 

Immunoglobulins, in amyloidosis, 365 
Infants, kidney funeboa 89-90 

premature, protemiuia and glycosuria 


351 

Inferior vena cava, thrombosis, 343 

Interstitial space, 8 

lnLra>uTerine pressure, renal iscbxmia and, 
93-4 

in iiiin clearance, glomemtar fiftrabon 
measurement, 21, 23 

IscIueiDia, cardiac, 214 
placental, 332 334 
renal. 82-3 201 

acute tubular necrosis and, 146 
causes, 83—4 
cortical. 100 
in aborbon, 337 
in pregnancy toxiemia, 333 
in pylonc obstruebon, 224 
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Ischaemia, renal, intra-uterine pressure 
and, 93-4 

pyelonephritis and, 297 
venous thrombosis and, 344 
Isosthenuria, 166 
Isotope renography, 17-18 


Juxtaglomerular apparatus, 6, 8-9 


Ketosis, diabetic, 61 

ammonia excretion and, 64, 65 
kidney function and, 318, 319 
renal potassium loss and, 201 
Kidney. See also under Renal, 
artificial. See Haemodialysis, 
blood flow measurement, 21-2 
blood supply, 5-8, 92-103. See also 
Artery; Capillaries; Veins, 
arterial pressure changes and, 97-9 
autoregulation, 98, 99 
glomerular filtration rate and, 19 
hKmatocrit changes and, 95-6 
in electrolyte and endocrine 
abnormalities, 94 
in pregnancy, 327 
increase, 95 
cadaver donors, 188 
congenital macroscopic lesions, 373-83 
cysts, 377-82. See also Polycystic 
disease. 

erythropoiesis and, 104 
large, 381-2 
solitary, 378, 382 

disease, unilateral, hypertension, and, 
116-9 

ectopic, 374^5 

pregnancy and, 339 
function, age relations, 89-91 
disorders in diabetes, 317-20 
treatment, 318-20 
with ketosis, 318, 319 
without ketosis, 317 
effect of hyperuricsemia, 356-7 
effect on plasma uric acid, 357 
fcntal, 89 

hypertension and, 114-16, 117 
in acute pyelonephritis, 283 
in chronic pyelonephritis, 296 
in infancy, 89-90 
in old age, 90 

in pregnancy toxaemia, 333 
metallic cation loss and, 195-208 
metabolic alkalosis and, 222-7 
normal values, 391 
tests, 23-84 
limitations of, 82-3 
fused, 375-7 
unilateral, 377 
horseshoe, 375-6 
immunological diseases, 231—71 
in pregnancy, 326-41 
infections, 275-302 


Kidney, innervation, 9, 71 
movable, 376 
palpation, 11 

protein losing, 126. See also Proteinuria, 
pyaemic, 277 
sponge, 382 
structure, 1—10 

changes in hypertension, 112-14, 
116-17 

integrity tests, 11-18 
transplantation, in chronic renal 
failure, 186-8 
unilateral, dwarfed, 374 
pregnancy and, 339 

Kimmelstiel-Wilson lesion, 320, 321, 323 
Klebsiella pneumonix, in acute pyelo¬ 
nephritis, 276, 278 
Kussmaul respiration, 168 


Lacis cells, 9 

Lactic acid, uric acid excretion and, 79, 367 
Lactosuria, in pregnancy, 327 
Leucocytes, polymorphonuclear, in acute 
glomerular nephritis, 238 
Leukaemia, hyperuricsemia and, 357, 359 
Liver, amyloidosis, 366 
cysts, 379 

disease, urea production and', 31 
failure, ammonia excretion and, 64 
Loin pain, in acute pyelonephritis, 287 
in chronic pyelonephritis, 298 
in polyarteritis nodosa, 259 
Loop of Henle, 1 
function, 39 

lesions, polyuria and, 304 
role in water excretion, 40, 44, 50 
Lordosis, proteinuria and, 272, 327 
Lung, oedema, in acute nephritic syn¬ 
drome, 193-4 
uraemic, 177 

Lupus erythematosus, 94 

nephrotic syndrome and, 263, 264 
renal, 261-5 

clinical features, 263-4 
course and prognsosis, 264 
differential diagnosis, 264 
pathology, 261-3 
related clinical and structural 
features, 264 
treatment, 265 
systemic, 237 
Lupus glomerulitis, 262 
Lupus glomerulonephritis, 262 
Lysine vaspopressin, 307 
Lysinuria, 211, 212 

Magnesium, excretion, 76 

increased, renal failure and, 207 
metabolism in chronic renal failure, 170 
renal leak, 75 

Malaria, malignant tertian, 360 
Malnutrition, in nephrotic syndrome, 131 
salt and water retention in, 122 




Much bxmogloblauria. 349 
Meulct, nephrotic sj-ndrome Jind 135 
Mciiitcaaocaa fever, fanuind 3C6 
Medulla, Uoud supply, ? 92 

countercurrent sj-stem 8 101 3 
C)-»tic disease 382 
tluid hypcrtoQicitv 42 
Al)li cilects 44>5 
h>'pcramla 100 

m acute p)clonephmLS 27“ S 284 
interstitial fluid hypertonicit> 304 
interstitial »pace fl 

urea concentration urine osnwdatity 
and, 44 

Melxoa, in chrome renal failure 173 174 
Melpbclaa, Bence Janes protein excretion 
and 304 

Mcnlngocale, 374 

Mephaocila, h-rniaslohinuria inductloD 
331 

MeppraraJoe, in clironic renal failure 1S2 
6-inercaptopurinc, 13Q 
Mercury poUonln]f, 218 
Mcthcdnae, renal >i>p«rxRvia and 03 
Methysergldc, ncphrutoxicitv UO 
Milk, convpubno dnnkint; .Ou 207 
dansers in p) lone obstruction 225-0 
Morphia, in clirontc renal failure 1S2-3 
Mucopol)u<ehaiides, clomcrular deposi 
bOB 240 

Moiclc, destruction m)oglobinuria and 

332 

weakness in potassium dellci«nc> 198 
Mielofflatosfs, dangers of 1 V B «i 13-N 
h>‘pcrcalcuna and 200 
protein inetaholie disturbances and 
302-4 

renal disturbances 302-4 303 
Myogloblnxmla, 332 
Myoglobinuria, 332-3 
Idiopathic paroxysmal 352-3 
tests (or 340-7 

Myotucmoglobin, deOnition 340 
Myxsdema, renal blood flow and 94 


Nalidixic acid, 289 290 
Naphthalene, bxmoglobmuna induction 
351 

Nausea, in acute pycloncphntis 283 
in chronic renal failure 173 183 3 
Neomydn, in nephrotic syndrome 139 
Neoplasms. See aho various types 
renal 11 

Neostigmine metbyUulphate, 12 
Nephreefomy, hypertenaran and 209 IJ- 
pnor rend biopsy 298 
Nephritic syndrome, acute 199-4 

associated conditions 190 191 
clinical features, 193 
functional changes 199-3 
persistent glomerular nephritis and, 
253 

structural changes 190 
treatment, 193-4 
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Ncphntls, acute renal ischxmia and 94 
embohe 265-7 

expenmcntal human renal disease and 
230-7 

focal recurrent 2 >1-2 
glimenilar 132 3 231 57 
acute 234-44 
xtiology 234-7 
I dinicaJ (matures 240-1 

course 241 

diilcrcntial diagnosis 241 
electron microscopic find ngs 239 
immunological aspects 23>>-7 
infecting organisms 234 
pathology 23“—<9 
prognosis 243 

related clinical and structural 
features 241) 
treatment 242-4 

acute nephritic syndrome and 190 
193 

acute renal failure and 149 
Bnght s discnption 2334 
chronic pregnancy and 338 3394C 
erythropoicsis and 104 
histological changes 231 2 
persistent 244-57 
atiology 241 

chrome renal failure and S55-7 
dinical features 249-57 
course 2o0 251 2a34 2uu-0 
diflcrcniiai diagnosis 250 Sol 254 
259-7 

hematuria m 244 240 Sol~2 
membranous changes 348-9 
neplirotie syadrome and 244 219 
•52—0 

CO light microscopical change 
249 

pathology 245-9 
presenting renal syndromes 244-5 
proliferative change^ 246-7 
proteinuria of 244 246 2o9-l 
rapidly progressive 240 249-50 
rviated dinicai and structural 
features 250 351 2a2-3 255 
treatment 2oO 351 254-J 257 
interstitial 200 202 27j-0 
by^wviticxmia and 3s6 
lung purpura and 237 2CS-9 
radiation 379-2 
acute 370-1 
chronic 371 
salt l(»iog ICO 
Nepbrocaldnosis, 11 
hy perdilorainiic 216 217 
Nephrons function in chronic renal 
failure 166-7 
isciuemia 113 

I^ons to Fanconi syndrome 215 
polynna and 304 
renal blood Bow and 94 
number of 1 

Nephropatby, diabetic 329-3 
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Nephropathy, diabetic, clinical features, 
322-3 

pathology, 320-2 
related clinical and structural 
features, 322-3 
Nephrosclerosis, 112-14 

difierentiation from persistent 
glomerular nephritis, 256 
Nephrosis, lower nephron, 146, 362 
“ pure,” 263 
Nephrostomy, 146 
Nephrotic syndrome, 33, 126-42 
associated conditions, 126 
clinical picture, 130-1 
diagnosis, 131 
functional changes. 127-30 
hypercholesterolaemia and, 131 
hypoproteinaemia in, 127, 128, 129, 
131 

treatment, 136-7 
in renal amyloidosis, 366 
initiating conditions, 126 
treatment of, 132 
liability to infection and, 130 
treatment, 140 

lupus erythematosus and, 263, 264 
measles and, 135 
csdema in, 127, 130 et seq. 

localised, treatment, 139-40 
origin of name, 126 
persistent glomerular nephritis and, 
244, 246, 252-5 

potassium deficiency and, 129, 131 
prognosis, 132 
proteinuria in, 127-9, 131 
treatment, 132-7 
renal structural changes in, 126 
treatment, 132-41 
Nephrotoxins, 145 
Nerves, renal, 9 

sodium excretion and, 71 
Nervous system, in chronic renal failure, 
174-5 

Neurohypophysis, ADH production, 50 
Nicotine acid tartrate, ADH secretion and. 
312-13 

Nitrofurantoin, 290 

Nitrogen loss, in nephrotic syndrome. 128 
Nitrogen mustard, 136 
Noradrenaline, 68 

Ocular fundus, in chronic renal failure 
175, 176 

(Edema, diurnal rhythm changes and, 85, 
87 

generalised, 122-6 
mtiology, 123, 124 
hypertonic, 90 

in nephrotic syndrome, 127, 130 et seq. 
in persistent glomerular nephritis, 263 
m pregnancy toxmmia, 333, 334 
in renal vein thrombosis, 344 
kidney and, 121-5 
potassium deficiency and, 199 


(Edema, pulmonary, in acute glomerular 
nephritis, 243 

in acute nephritic syndrome, 193-4 
Oligaemia, in acute haemoglobinuria, 347 
Oligohydramnios, 373 
Oliguria, 143 

in acute tubular necrosis, 149 
in pregnancy toxaemia, 333, 334 
in pyloric obstruction, 224 
in renal vein thrombosis, 344 
Ornithinuria, 211, 212 
Osmolality, calculation of, 47 
definition of, 40, 46 
Osmolarity, definition of, 46 
Osmotic diuresis, acute renal failure and, 
164 

glycosuria and, 317 
I.V.P. and, 12 
mannitol-induced, 114 
polyuria and, 303, 304 
sodium excretion and, 69 
urine concentration and, 61-3 
Osmotic gradient, defective, 216-19 
Osteitis fibrosa, in chronic renal failure, 
169, 170 
treatment, 180 

Osteomalacia, in chronic renal failure, 169, 
• 170 

treatment, 180 

in renal tubular acidosis, 217, 218 
Osteosclerosis, 169 

Overhydration, renal blood flow and, 94 
salt deficiency and, 197-8 
Oxygen tension, counter-current system 
and, 102 


PAH. See Para-amino-hippuric acid. 
Pain. See also Colic, renal; Loin pain, 
in renal artery thrombosis, 342 
renal biopsy and, 17 
Papillae, ducts, 1 

Papillitis, acute necrotising, 102, 145, 276 
clinical features, 284 
diabetes and, 323 
pathology, 283 

Papillcedema, in chronic renal failure, 176, 
176 

Paraldehyde, in chronic renal failure, 183 
Paralysis, hypokalaemic, 229 
Para-amlno-Uppuric acid, clearance, 22 
in acute haemolgobinuria, 347 
isotope renogram and, 17-18 
secretion Tn,, 82 

transport, maximal tubular capacity 
(T„.), 79-82 

Parathyroid hormone, calcium clearance 
and, 74 

Parathyroidectomy, in chronic renal 
failure, 180 

in idiopathic hypercalcuria, 213 
Parenchyma, renal, 6 
disorders, 13 
hypertension and, 116 
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ParencbynUi reoal, la acute p)el(^ 
nepbnba, 2$3, 285 
umervabon, 0 

lesions, renal blood flow and. 01-fi 
myeloma cells. 382 
renal cry thropoeitin and, lOS 
urinary granular casts and, 37 
Pelvis, renal, dilatation in pregnancy. 32S 
dupbcation, 377 

shadow density in I V P . 12-13 
Penial^, in acute glomerular nephntis. 

in nephrotic sj-ndrome, 134, 135 
in persistent glomerular nephritis. 252 
Pcxlcarditls, m chronic renal failure. 171. 
176-7 

Poiicnal comprcsslonf hypertension and. 

Peritoneal dialysis. Su Dialysis. 

Phenadlln nephrepathy. 234, 29^301 
Phenols, retention in chronic renal failure. 
171, 172 

Phenylketonuria. 73 
Phosphate, excretion. 75-8 
tnetabolism, in chroiuc renal failure. 
170-1 

reabsorpbon. 76-3 
congenital unpairment, 200-11 
excessive. 214 
maximal, 77-3, 80 

Pltiesslo. Stt Vasopressin , 

PUecfila, isch%nua, preguaney toxxmia 
and. 332. 33* 

Plasma, contents, normal values. 392 
hypotooiaty, bsmoglobinuna and 351 
Osmolality, in compulsive vater dnnk* ' 
mg, 313-4 

m diabetes insipidus, 313-4 I 

" shunting ” from red ceiJs, 101 
Pneuraoiflsu lu chrome renal failore, 177 
Poisons, renal iscbicmia and, 94, 145 
Polyarteritis nodosa, 94,145 
hypertension and, 112 
renal, 257-61 

acute nephritic syndrome and. 193 
acute pyelonephritis and, 277 
clinical features, 259 
course and prognosis, 260 
diSerential diagnosis, 260-1 
pathology. 257-9 
treatment, 261 

Polycystic disease, 11, 16, 377-82 Set alui 
Kidney, cysts 
pregnancy and. 333 
Polycythemia, 104-6 
renal, 106 
hypersmia and, 95 

Polydipsia. See also Water, compnidvc 
dnnting 

amyloido&is and, 366 
hypercalcuna and. 205 
in diabetes insipidus, 306 
Polyneuropathy, urxmie. 175 
Polyuria, 303-15 


Polyuria, ADH insufficiency and, 303, 304 
amyloidosis and. 366 
causes, 305 

hypercalcuria and. 205 
m chronic renal failure, 166, 167 
in pyloric obstruction, 223 
plasma osmolabty and. 313-14 
PorphobiliDOgen, urinary, 354 
Porphyria, 354-5 

PoiphyTfJU, metabolic disorders 354-5 
Potassium, content of food 389 
deficiency, 51 

etiology and diagnosis 200-2 
after ureterosigmoidostomy. 228,229 
fltnifal features 193-200 
u> diabetic ketosis 313 
IS nephrotic syndrome, 129 131 
polyuna and, 303, 304 
ren^ failure and 193-203 
treatment, 202-3 
hydrogen ion secretion and 67 
1<^, in pylonc obstruction, 225 
metabolism, m chronic renal failure, 
163-9, 130 
renal leak. 73 

arterial occlusion and, 110 111 
causes, 74 

m chrome renal failure 169 
in Fanconi syndrome, 214-8 
tubular excretion, 73-4 
tests, 73-4 

tubular reabsorpbon, eflect of sodium, 
56 

whole body, 394 

Prednisolone, in nephrobc syrndrame 135 
tests, in acute pyelonephnbs 231-2 
in chronic py elonephnbs 292 
-uhite cell excretion and 231-2, 295 
Prednisone, in hypetcalcxmia of myelo¬ 
matosis, 364 

in nephrotic syndrome, 132, 134, 130, 
140 

ID persistent glomerular nephritis, 250, 
252, 254, 255 

Ptcgnincy, acute pyelonephritis and. 237, 
323-31 

acute renal failure and, 336-3 
chronic pyelonephritis and, 299 331, 
339 

chronic renal disease and. 333-9 
diabetes meliitus and 317 
ectopic and uniiateral kidneys in, 333 
glomerular filtrabon rate m 327 
glomerular nephnbs and. 338-40 
glycosuna in, 327 
kidney disorders. 326-^1 
lactosuna in, 327 
orthostabc proteinuria la, 327-8 
renal blood flow m, 327 
teaal hypera^zaia and, 95 
toxsmia. See Eclampsia, Toxemia, 
Ofeterai and renal dilatabon in, 323 
Prematurity, bactenuna and, 330 
proteinuria and glycosuna in, 90 
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Probenecid, in hyperuricaemia, 359-60 
Prostatectomy, plasma hypotonicity after, 
351 

Protamine, in haemodialysis, 161 
Protein, balance, negative, 123, 124 
nephrotic syndrome and, 127 
treatment, 136-7 
binding with vitamin Bjj, 23-4 
clearance, 129 
content of foods, 390 
dietary, blood urea and creatinine levels 
and, 28, 30, 31, 32 
high, 384 

limitation in chronic renal failure, 183 
low, 386, 388 
very low, 387, 388 
excretion, normal, 32 
metabolic disorders in myelomatosis, 
362-4 

plasma levels, cedema and, 123 
Proteinuria, Bence-Jones, in myelo¬ 
matosis, 363, 364 
following exercise, 348-9 
glomerular filtration rate and, 32-3 
in acute glomerular nephritis, 242, 243, 
244 

in anaphylactoid purpura, 267-8 
in chronic haemodialysis, 348 
in chronic pyelonephritis, 294-5 
in chronic renal failure, 172-3 
in diabetic nephropathy, 322-3 
in Fanconi syndrome, 215 
in hypertension, 115, 116 
in infancy, 90 
in nephritic syndrome, 190 
in nephrotic syndrome, 127-9, 131, 
132-7 

in polycystic disease, 380 
in pregnancy toxamia, 333, 334 
in rapidly progressive glomerular 
nephritis, 250 
in renal amyloidosis, 366 
in renal polyarteritis nodosa, 259 
in renal scleroderma, 368 
in renal vein thrombosis, 344 
lupus erythematosus and, 263, 264 
non-gonococcal urethritis and, 273 
“ non-selective ”, 129 
orthostatic, 272-4 
in pregnancy, 327-8, 335 
persistent, in persistent glomerular 
nephritis, 244, 246, 250-1 
in pregnancy, 335 
postural, 272-4 
in pregnancy, 327-8, 335 
significance of, 33 

Proteus Yulgarls, in pyelonephritis, 276, 
278, 203 

Protoplasts, kidney destruction, 293 
Pseudo-gout, 171, 186 
Pseudomonas pyocyanea, in acute pyelo¬ 
nephritis, 276, 278 

Pulse pressure, renal hypertension and. 


Purpura, anaphylactoid, renal disease and, 
267-8 

in chronic renal failure, 177 
pulmonary, nephritis and, 237, 268-9 

Pyelitis, acute, 276 
pathology, 282 

Pyelography, in acute pyelonephritis, 284, 
286 

in renal artery thrombosis, 342 
intravenous, 12-14, 16 

in chronic pyelonephritis, 298 
in pregnancy, 329 
in renal artery occlusion, 117-18 
transient anomalies, 13 
urine specific gravity and, 46 
retrograde, 14 

Pyelonephritis, acute, 145, 276-91 
aetiology, 276-8 
clinical features, 283-4 
differential diagnosis, 286-6 
in pregnancy, 287, 328-31 
mtiology, 328-9 
clinical features, 329 
differential diagnosis, 329 
geographical differences, 331 
prognosis, 331 
prophylaxis, 330 
treatment, 330-1 
infection route, 277 
pathology, 282-3 
prognosis, 285 
prophylaxis, 286-7 
re-infection prevention, 290-1 
related clinical and structural 
features, 284 

renal vein thrombosis and, 344 
sequel®, 284^5 
treatment, 286-91 

precautions in renal failure, 289-90 
urine examination, 278-82 
culture, 278-80, 289 
for inflammation, 280-2 
chronic, 291-9, 304 
clinical features, 294-6 
course and prognosis, 297 
development of structural changes, 
292-4 

differential diagnosis, 296-7 
differentiation from persistent 
glomerular nephritis, 256 
in pregnancy, 299, 331, 339 
pathology, 291-2 
related clinical and structural 
features, 296 

renal artery occlusion and, 112 
renal calculi and, 298 
treatment, 299 

tubular "thyroid areas ", 292 
unilateral, hypertension and, 297 
vesico-ureteric reflux and, 298 
diabetes mellitus and, 323-4 
ureterosigmoidostomy and, 228 
Pyloric obstruction, chloride loss, 224-6 
complicating renal disease, 226 
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P>loric obitjruction, hydrogen jon Ioss,S24 
metabolic and renal aspects, 222-7 
treatment, 220 
potassium loss, 225 
water and blood loss m, 224 
P> uiia, in chrome p> elonephntis. 295,296 


Radiation nephritis, 370-2 
Radioisotope renogram, m occlusive 
%ascular disease, 118 
Radiotherapy, hyperunca:mia and, 357 
Red cells, excretion, a acute glomerular 
ncphntis. 244 
“ shuntmg 101 
urinary. 33-7 
normal limits, 34-5 
whole body. 394 
Renal failure, 11 

abortion and, 93 
acute, 143-G4 

abortion and, 330, 337 
aetiology, 143-7 
dialysis m, 159-62 
electrolyte intake control. 166 
/unctioaal changes. 143-0 
in acute hyperunexmu. 356 
in crush injuries, 353 
in diabetic ketosis, 313 
in mjoglobinuna, 3S2 
in pregnancy, 336-3 
toxxnua, 333, 334 
polyartenbs nodosa and, 259 
prognosis, 182-3 
pfotem, carbohydrate and fat 
Control. 156-7 
structural ebanges, 143-6 
treatment. 153-62 
measures to avoid, 163 
unnary tract obstruction and, 146-7 
water intake control, 155-6 
■' anions ”, 163 , 

blood ncea levels and, 29, 29, 30 ' 

chronic, 71, 165-89 
biochemical features, 160-72, 173- 
80 

cardios ascular disturbances, 175-7, 
180-1 

causes. 165-6 
cliaical features, 166-72 
diabetes melbtus and, 322 
electrolyte imbalance in, 163-9, 
IT8-S0 

gastrointestinal features, 173-4 
hsmatological features, 172, 177, 
181-2 

hypertensive vascular disease in, 
175-6 

in chrome hyperuiicaeaiia, 356 
intermittent dialysis and, 184-6, 
1S8 

kidney transplantation and, 186-8 
lupus erythematosus and. 203-4 
neurological disturbances, 174-5 


Renal failure, chrome, persistent glomeru¬ 
lar nephntis and, 244, 246, 255-7 
phenacetin overdosage and 299- 
301 

polyuria and, 304 
protemuna and, 172-3 
radiation induced, 370-2 
respuatory disturbances. 168 177 
8km m, 172, 177 
solute output, 166-7 
treatment, 173-88 
conservative, 178 
of aaxmi3, 95-6 
of biochemical disorders, 178-80 
of hypertensive vascular lesions 
ISO-I 

of superimposed mfection, 182 
I depressed erythropoiesis and, 104,105 
m acute nephritic syndrome, 194 
19 myelomatosis, 363 
mctdeace la gout, 357 
pyelonephritis and, treatment 

K ecautions, 289-90 
nc obstruction and. 224-7 
treatment 226 
unc aod excretion and, 79 
Rena] impairment, chronic, 165 
Renal insut&ciency, acute, 143 
Renal plasma Hoiv (RPP), 31 
Renin, m aldosteronism. 201 
renal artery occlusion and, 110 
renal vein concentration, 119 
secretion, 7, 6 

Rcnoprlval hypertension, 108. 109 
Resins, ion exchange, in nephrotic syn¬ 
drome. 138 

Respiralory tysleB>,ta chronic renal failure. 
172, 137 

ReUciilocylosls, 350 
Retinopathy, arteriosclerotic, 175-6 
diabebc. 320. 322. 323 
hypertensive, 175-6 
Rickets, in cfaiotiic renal failure. 169 
treatment, 180 
vitanun D resistant, 209-11 


Saline, hypertonic, ADH secretion and, 
312. 313 

Sail, dietary, m chronic renal failure, 
179-80 

in nephrotic syndrome, 138 
diuresis, emotional. 114, 116 
polyuna and, 304 

Sarcoidosis, calcium absorption and. 206 
Scboaleio-Henoch purpura, renal disease 
and. 267-8 
SclnUgiam, renal, 14 
Scleroderma, 94, 368-9 
Scrub typhus, renal blood flow and. 94 
Seminomas, 371 
Shock kidney, MS 
Shunts, renal, 99-101, 145 
SiC^ cell disease, polyuna and, 304 
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Skin, in chronic renal failure, 172, 177 
Sodium, content of foods, 389 
deficiency, 195-8 
aetiology and diagnosis, 196-7 
clinical features, 195-6 
in chronic renal failure, 179-80 
in diabetic ketosis, 318 
in pyloric obstruction, 224-5 
in renal failure, 195-8 
treatment, 197 

dietary, low, 384, 385, 386, 387, 388 
normal, 387 
excretion, 67-71 

blood volume changes and, 122 
in infancy, 90 

renal hypertension and, 114 
tests, 71 

metabolism, in chronic renal failure, 
168-9 

reabsorption, 67-71 
hypertension and, 117 
nephrotic syndrome and, 137 
potassium deficiency and, 199 
potassium secretion and, 66, 72 
renal leak, in chronic renal failure, 169 
retention, angiotensin potentiation, 110 
in nephritic syndrome, 192 
transport, in loop of Henle, 40 
ADH efiects, 44-5 
whole body, 394 

Sodium acetiizoate, in intravenous pyelo¬ 
graphy, 12 

in renal arteriography, 12 
in retrograde pyelography, 14 
Sodium diatrizoate, in intravenous 
pyelography, 12 
in retrograde pyelography, 14 
Sodium phytate, in idiopathic hyper- 
calcuria, 213 

Solute output, in chronic renal failure, 
166-7 

polyuria and, 303, 304 
Spherocytosis, arsine-induced, 351 
congenital, 348 
Spina bifida, 373 

Spinal deformities, renal biopsy difficulties 
and, 16 

Spironolactone, 123 

in nephrotic syndrome, 139 
Sponge kidney, 382 

Staphylococcus aureus, in acute pyelo¬ 
nephritis, 276, 278 

Steroids. See also Adrenal steroids and 
under names. 

anabolic, in chronic renal failure, 184 
sodium reabsorption and, 68 
Streptococcus fxcalis, in acute pyelo¬ 
nephritis, 276, 278 
Streptococcus, hsmolytic, in acute 

glomerular nephritis, 234, 236, 241, 
243 

in anaphylactoid purpura, 268 
in persistent glomerular nephritis. 
244, 249 


Sulphadimidine, in acute pyelonephritis, 
287, 290 

Sulphamethizole, 290 

Sulphate, retention in chronic renal 
failure, 172 

Sulphonamides, haemoglobinuria induction 
351 

in acute pyelonephritis, 287-9 
Supra-optico hypophyseal system, 143 

ADH secretion diminution and, 
304, 306 

Synovial fluid, calcium precipitation, 171 


Tetany, in childhood nephrotic syndrome, 
129 

Tetracycline, in acute pyelonephritis, 287, 
290 

Thiethylperazlne, in chronic renal failure, 

tS 12. 

ADH secretion and, 303 
in chronic renal failure, 166 
Thrombosis, renal artery, 342-3 
renal vein, 343-5, 366 
Thyrotoxicosis, 93, 316 
Titratable acid, 55 
Tm, definition, 79 
reabsorption, 79-80 
secretion, 82 
Tmg, 316 

in diabetes mellitus, 317 
Tomography, renal, 14 
Tongue, in chronic renal failure, 173 
de Toni-Debrd-Fanconi syndrome, 214 
Toxaemia of pregnancy, 330 
clinical features, 333—4 
differential diagnosis, 335 
prognosis, 335-6 
renal changes, 331-6 
causes, 331-2 
pathology, 331 

related clinical and structural 
features, 334 
renal function, 333 
treatment, 336 
Triamterine, 139 

Trousseau and Chvostek’s sign, 207 
Troxidone, nephrotoxicity, 126, 132 
Tuberculosis, renal, 102 
Tubular function, 38-83 

acid-base balance and, 54-67 
defects, 209-21 
acquired, 219-20 
congenital, 209-19 
modified Jackson and Linder’s 
classification, 209 
in infancy, 89-90 

Tubule, abnormal glucose reabsorption, 
316-17 

ADH response failure, 304 
bicarbonate excretion, 58-9 
bicarbonate reabsorption, 56-6 
tests for abnormalities, 59 



Tubule, cell vacuolation, la potassium 
dcfiaency. 200, 201-2 

changes in nephrotic syndrome, 128 
chlonde excretion, 71-2 
collecting, function. 39 
diodone secretion, 13 
distal, cells, 5 
function, 39 

hydrogen ion secretion, 58 
unc acid secretion, 79 
distribution, 2 
glucose transport. 79-82 
hydrogen ion secretion. 55 ef uq 
inabihty to utilise vasopressin, 305-8 
length, 1 

lesions, in diabetic nephropathy. 320-1 
necrosis, 233, 246 
acute. 145. 147 

clinical and biochemical features 
149-53 

diuretic phase, 152-3 
treatment, 1G2 

electrol>'te disturbances, 150-2 
m diabetic ketosis, 318, 3|9 
in lato pregnancy, 337. 33S 
in pregnancy toxemia, 333 
infection liabihcy, 151, 152 
ischasmie lesion, 147, 143 
nephrotoxic leaion, 147, 148 
oligunc phase, 148^3 
treatment, 155 
psfholc^/. J47-S 
postdiuretic phase, 153 
treatment. 153-82 
poisons and, 94 

para amino-hippanc acid transfer, 79- 
83 

phosphate reabsorpbon, congemtal 
unpaument, 20^11 
pota^ium excretion, 72—4 
tests, 73-4 

proximal, brush border. 4-5 

lesions, amino-aciduna and. 73-9 
reabsorption 38-9 
respioase to ADH, 42-6 60-1 
sodium reabsoiption, 67-71 

blood changes and, 69, 69, 70 
nephrotic syndrome and, 137 
tubular diameter and, 69-70 
structure 4-5 

" thyroid areas" m pyelonephritis, 
292 

•dsea leateMpboa, 2% 
unne concentrating ability, 47-50 
Tumours, renal See Neoplasms and under 


Uraemia, polyneuropathy and. 175 
Urea, bloM levels, after ucetero- 
sigmoidostomy. 223 
dietary protein and, 28, 30, 31, 32 
glomerular filtrabon rate and, 23- 
32 
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lAea, blood levels, hypetcalcuna and, 204 
m nephrobc syndrome, 129-30 
ID pregnancy, 327 
in radiabon nephritis, 371 
in tubular necrosis, 153 
persistent glomerular nephritis and, 
255-6 

polyuria and 304-S 
prednisone adnunistrabon and, 179 
renal biopsy and, 16 
clearance. 20, 55-7 
maximum, 26 
standard, 27 
test procedure, 27 
medullary concentrabon, unne 
osmolality and. 44 

retention in chronic renal failure 171, 
183-4 

tubular reabsorpbon, ADH effects 44, 
45 

tubular transport, in infancy. 89 
UtclerocoUc anastomosis, 228-30 
Ureleroileostomy, renal complications, 230 
Ureterotigmoidoslomy, renal compU 
caboQs 223-30 

Utcicrt. dilaboD, in pregnancy. 328 
obstrucboo, back pressure atrophy 297 
transplantabOD. renal compucations, 
228-30 

Urelbntis, non gonococcal, proteinuria 
and, 273 

VH: add. caA'tfb. 355. 365 

excrebos, *9 

hypertension and 114 
plasma levels, effect of renal function, 
357-8 

in chroaic renal failure. 171 
Urinary tract, abnormaUty, pj elonephritis 
and 276 286, 292 

obstrucbon, acute renal failure and, 
146-7 

unne concentration and, 51 
Urine, acidificabon, 39 64 

polyuna and polydipsia and. 312 
tests for. 65-7 

alkalinabon, hypertension and 114 
casts, ui chronic renal failure, 173 
in nephnbc syndrome, 190 
ceUular content, in chronic renal failure, 

173 

colour red cell concenbabon and, 36 
concentrabon, ADH and. 40 42—6, 60, 
121-9 

after ffuid deprivabon, 47-9 

inth vasopressin admmisba- 
bon, 309-10 
bypercalcuna and, 204 
hypertension and, 114 
in chronic pyelonephnbs, 290 
ra Fanconi syndrome, 214 
m infancy, 89 
la nephnbc syndrome, 191 
in nephrogenic diabetes insipidus, 306 
in potassium deficiency, 190 
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Urine, concentration, in renal tubular 
acidosis, 216, 218 
measurement, 45—7 
mechanisms, 40-6 
osmotic diuresis and, 51—3 
test interpretation, 50-3 
vasopressin tannate test, 49-50 
daily excretion, 391 
deposits, 33-7 
dilution, tubular, 63-4 
examination, in chronic pyelonephritis, 
278-82, 289 

excretion, diurnal rhythm, 85-8, 391 
impairment, 166 
efiects of emotion, 53-4 
flow rate, decrease, after vasopressin, 
313 

medullary fluid osmolality and, 51-3 
osmolality, 40 

red cells, 33-7. See also Hasmaturia. 
specific gravity, haemolysis and, 351 
in acute glomerular nephritis, 244 
in nephrogenic diabetes insipidus, 
306 

in sodium deficiency, 196 
proteinuria and, 33 
relationship to osmolality, 46 
twenty-four hour collection, 24-6 
volume, polyuria and, 304-8 
white ceils, 33-7 

in acute pyelonephritis, 280, 281 

Urochromogen, retention in chronic renal 
failure, 172 

Uterine catastrophies, renal ischaemia and, 
93-4 

Uterus, bicornate, 374 


Vasa recta, 8 

counter-current circulation, 102 
Vasoconstriction, renal, 94, 97-9, 145 
glomerular filtration rate and, 317 
in acute hcemoglobinuria, 347 
in acute renal failure, 143 
in chronic renal failure, 172, 174 
in diabetic ketosis, 318 
in eclampsia, 333 
in late pregnancy, 337, 338 
Vasoconstrictors, renal blood flow and, 94 
Vasopressin, and water deprivation test, 
308-13 

urine concentration, 309-10 
in compulsive water drinking, 308 
intestinal gas dispersion, 12 
long-acting, effects of, 313 
lysine, 307 

tannate, in diabetes insipidus, 307 
urine concentration test, 49-50 
tubular inability to utilise, 305-6 


Veins, arcuate, 8 

renal, plasma concentration, 21 
renin concentration, 119 
thrombosis, 343-5 
amyloidosis and, 366 
Vena cava, inferior, thrombosis, 343 
Vicious circle hypertension, 108-9, 112 
Virus pneumonia, 351 
Vitamin Bjj, clearance tests, 23-4 
Vitamin D, in chronic renal failure, 170, 
180 

in impaired phosphate reabsorption, 211 
intoxication, 206-6, 207 
resistant rickets, 209-11 
Vomiting, in acute pyelonephritis, 283 
in chronic renal failure, 173, 182-3 
in pyloric obstruction, 222, 223 


Water, compulsive drinking. See also 
Polydipsia. 

differentiation from diabetes 
insipidus, 308-13 
plasma osmolality in, 313-14 
polyuria and, 303, 304, 307-8 
vasopressin and fluid deprivation 
test, 310-13 

deficiency. See also Dehydration, 
aetiology and diagnosis, 196-7 
clinical features, 195-6 
renal blood flow and, 94 
treatment, 197 

deprivation, and vasopressin test, 308- 
13 

excretion, 40-54 

inability to reabsorb. See Diabetes 
insipidus, nephrogenic, 
intake and output, 121 
intoxication, renal blood flow and, 94 
salt deprivation and, 197-8 
intravenous administration, in acute 
renal failure, 157-8 

metabolism in chronic renal failure, 
166-7, 178-9 

Weil’s disease, renal blood flow and, 94 
White cells, urinary, 33-7 

in acute pyelonephritis, 280, 281 
in chronic pyelonephritis, 294, 295 
normal limits, 34-6 


Xanthine, oxidase, inhibitors, in hyper- 
uricaimia, 359 
liver deficiency, 212 
reabsorption, congenital impairment, 
213-13 

Xanthinuria, 212-13 
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